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Clinical analysis of cases of intramedullary 
gliomas of the spinal cord appears to have been 
neglected. The reason is probably that for the 
most part such growths represent hopeless sur- 
gical problems as compared with the extra- 
medullary tumors of the spinal cord, by which 
they are greatly outnumbered. Yet an under- 
standing of the characteristics of intramedullary 
tumors is obviously desirable, and it is largely 
for this reason that we have undertaken a re- 
view of 27 verified cases, with the purpose of 
correlating the pathologic and the clinical fea- 
tures in order to clarify their diagnostic char- 
acteristics. 


PATHOLOGIC FEATURES 

Since the growth history of intramedullary 
gliomas is closely connected with their clinical 
features, a brief consideration of their life cycle 
is pertinent. 

The incidence of intramedullary gliomas is 
variously estimated as 10 to 20 per cent of all 
tumors of the spinal cord. Intramedullary 
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tumors extend as a rule over many segments of 
the cord (figure), usually from three to seven 
segments being involved. The longest tumor 
in our series was an ependymoma 11 cm. in 
length. Horrax and Henderson? reported a 
case of an ependymoma, successfully removed, 
which involved the entire length of the spinal 
cord, from bulb to conus. Within the cord itself, 
the infiltrating mass may assume many shapes. 
It may involve the entire circumference of the 
cord at one segment, tapering off in others; or 
it may invade only small portions of the cord at 
all levels. It involves the gray and the white - 
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Chart illustrating the extent of 27 intramedullary 
tumors. 


matter indiscriminately and shows no predilec- 
tion for any part of the cord substance. It may 
crowd the vertebral canal, filling it at times and 
obstructing completely the subarachnoid space ; 
in other instances it fails to obstruct at all. 

The highest incidence of infiltrating tumors 
of the cord occurs at the thoracic level, the pre- 
dominance in this part of the cord being out of 
proportion to its greater length. Kernohan '™ 
observed the thoracic portion of the cord to be 


2. Horrax, G., and Henderson, D. G.: Encapsulated 
Intramedullary Tumor Involving the Whole Spinal 
Cord from Medulla to Conus: Complete Enucleation 
with Recovery, Surg., Gynec. & Obst. 68:814, 1939, 
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involved in 61 per cent, the cervical portion in 
30 per cent and the lumbar portion in 9 per 
cent of tumors of the cord. In our series of 
27 tumors, on the contrary, there was greater 
involvement of the cervical portion of the cord, 
12 tumors arising from this level. Four of these 
growths extended downward and invaded the 
thoracic portion. 

In rare instances an infiltrating tumor of the 
cord may be multiple. One of our cases falls 
into this group. A review of the literature shows 
that a total of 7 cases of multiple primary glioma 
of the spinal cord have previously been reported.* 
Lichtenstein ** pointed out that the clinical 
features of multiple tumor of the spinal cord 
may conform to the following pattern: (1) 
The largest tumor masks the symptoms caused 
by the smaller neoplasms; (2) one of the lesions 
may be asymptomatic; (3) the combined tumors 
may give the picture of a disseminated lesion, 
such as that of multiple sclerosis. In our case, 
as in all the other cases cited, the lesion was 


. of ependymal origin. 


Cavity formation associated with intramedul- 
lary tumor was present in 7 of our cases—3 in 


_ the cervical and 4 in the thoracic region of the 


cord. In 2 of these cases the cavitation was 
syringomyelic. In 1 case, that of a cervical 
astrocytoma, multiple cavities extended to the 
lumbar portion of the cord, and in the other case 
a cervical ependymoma grew within a syrinx. 
The literature is replete with cases illustrating 
the association of intramedullary tumor and 
syringomyelia,* and not a few observers have 


3. (a) Foerster, O., and Bailey, P.: A Contribution 
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Arch. Neurol. & Psychiat. 46:59 (July) 1941. 
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Adson, A. W.: Intramedullary Tumors of the Spinal 
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congenitaler Syringomyelie mit intramedullarer Tera- 
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(c) Bielschowsky, M., and Unger, E.: Syringomyelie 
mit Teratom- und extramedullarer Blastombildung, J. 
f. Psychol. u. Neurol. 25:173, 1920. (d) Jumentié, J.: 
Tumeur de la moelle lombo-secrée et formations 
glieuses du type syringomyélique, Rev. neurol. 2:741, 
1927. (e) Jonesco-Sisesti, N.: Tumeurs médullaires 
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asserted that syringomyelia and associated tumor 
of the cord represent coincident multiple con- 
genital anomalies.° The occurrence of syringo- 
myelia with teratoma, spina bifida, oxycephaly, 
craniofacial dystosis and craniocleidodystrophy 
is evidence in support of this theory. In some 
of the reported cases, however, it cannot be 
decided whether a hydromyelic dilatation of an 
obstructed central canal or a true dysraphic 
phenomenon was present. Furthermore, syringo- 
myelia has frequently been reported with ac- 
quired lesions of the spinal cord, such as hyper- 
trophic meningitis, multiple sclerosis, antecedent 
poliomyelitis and myelitis (cited by Wilson *), 
as well as with extramedullary tumor.*; hence 
the congenital origin of the cavities is not definite. 
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Intramedullary Tumor, Arch. Neurol. & Psychiat. 32: 
569 (Sept.) 1934. (1) Mackay, R. P., and Favill, J.: 
Syringomyelia and Intramedullary Tumor of Spinal 
Cord, ibid. 33:1255 (June) 1935. (m) Bueno, R.: 
Siringomielia y glioma intramedulary, An. de méd. int. 
4:543, 1935. (n) Galli, G. M.: Tumore endomidollare 
on processo siringomielico, Cervello 15:61, 1936. (0) 
Cox, L. B.: Case of Syringomyelia Associated with 
Intramedullary Tumor, with Remarks on Relation of 
Gliosis to Tumors of Ependymal Origin, J. Path. & 
Bact. 44:661, 1937. (p) Wolf! (q) Horrax and 
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Wolf, Tannenberg,* Kirch* and Russell *° 
expressed the belief that the origin of the syringo- 
myelic cavities lies in the circulatory distur- 
bances caused by the tumor, producing edema 
or transudation, or merely areas of softening, 
which are followed by gliosis, degeneration, 
necrosis and, finally, cavity formation. Roemer ** 
pointed out that the relatively meager vascular 
supply to the central portion of the cord and 
the production of syringomyelic cavities by liga- 
tion of the ventral half of the spinal cord or by 
injection of necrotizing substances into the cord 
are strong evidence for the vascular origin in 
some instances of syringomyelia. He reported 
17 cases in which, in his opinion, impairment 
of the circulation to the cord by infection or 
toxin was the etiologic agent in the production 
of the syrinx. Beériel*! stated the belief that 
syringomyelia associated with glioma of the cord 
arises from a true gliomatous formation and 
subsequent cystic degeneration. In 2 of our 
cases cyst formation appeared in the substance 
of the tumor, evidence that it was due to degen- 
erative changes. 


The majority of gliomas of the spinal cord 
appear to be ependymomas, with astrocytomas 
a relatively weak second. The predominance of 
ependymal gliomas among infiltrating tumors 
of the spinal cord is generally agreed on. In 
65 of the 95 cases of intraspinal glioma reported 
by Rasmussen, Kernohan and Adson ** the tumor 
was an ependymoma, and Foerster and Bailey ** 
found 39 cases of ependymoma in a series of 
100 cases of intraspinal glioma collected from 
the literature. Elvidge and associates ** reported 
8 cases of ependymoma in 20 cases of intra- 
spinal glioma, while Wolf‘! noted the highest 
proportion—20 of 26 intraspinal gliomas in his 
series being ependymomas. In our series, of 18 


8. Tannenberg, J.: Ueber die Pathogenese der Sy- 
ringomyelie, zugleich ein Beitrag zum Vorkommen der 
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ll. Roemer, E. P.: Syringomyelia: A Clinical Eval- 
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12. Rasmussen, T. B.; Kernohan, J. W., and Adson, 
A, W.: Pathologic Classification, with Surgical Con- 
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13. Elvidge, A.; Penfield, W., and Cone, W.: The 
Gliomas of the Central Nervous System, A. Research 
Nerv. & Ment. Dis., Proc. (1935) 16:107, 1937. 
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histologically verified tumors, 7 were ependy- 
momas. The reason for the predominance of 
ependymoma has been well studied by Kerno- 
han'™ who stated that this high incidence is 
explained by the increased predisposition of the 
displaced ependymal cells of the obliterated 
central canal to neoplasia and to the large col- 
lection of ependymal cells in the conus medul- 
laris, due to the presence of the ventriculus 
terminalis. Cornil and Mosinger ** stated the 
belief that ependymal hyperplasia of the spinal 
cord is extremely frequent and occasionally re-. 
sults in the development of a true benign tumor. 
Astrocytoma appears to be less frequent than 
ependymoma. Kernohan stated that astrocytes 
are less numerous in the spinal cord than in the 
brain and that astrocytoma is therefore propor- 
tionately less common. Ten of our 18 gliomas 
were astrocytomas, but the observations of other 
authors ?° tend to confirm Kernohan’s statement. 
One tumor in our series was a ganglioneuroma 
(fig.). Rasmussen, Kernohan and Adson ** 
reported 2 cases of such tumors in their series, 
and only a few cases of astrocytoma in the spinal 
cord have been recorded in the literature.*® 


In 6 cases in our series the tumor protruded 
from the cord and impinged on, or extended 
along, the subarachnoid space. In no instance 
was there actual dissemination of the tumor 
within this space. In 3 cases the tumor was 
an astrocytoma, of the cervical region in 2 cases 
and of the lumbar portion of the cord in 1 
case, the neoplasm in the latter invading and 
infiltrating the cauda equina. One of the cer- 
vical astrocytomas merely protruded into the 
subarachnoid space, while another compressed 
the cord from without and ascended into the 
posterior fossa. Two other tumors, both 
ependymomas of the thoracic portion of the 
cord, protruded from the cord, 1 of which 
ascended and descended in the subarachnoid space 
a total distance of five segments. The ganglio- 
neuroma aforementioned also invaded the sub- 
arachnoid space and compressed the cord from 
without. A survey of the literature reveals 
that protrusion of an infiltrating tumor of the 


14. Cornil, L., and Mosinger, M.: Sur les processus 
prolifératifs de l’épendyme médullaire (rapports avec 
les tumeurs intramédullaires et la syringomyélie), Rev. 
neurol. 1:749, 1933. 
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and Cone.1% 

16. (a) Foerster, O.: Ein Ganglionneurom des 
Riickenmarks, Virchows Arch. f. path. Anat. 253:116, 
1924. (b) Lichtenstein, B. W., and Zeitlin, H.: Gan- 
glioglioneuroma of Spinal Cord Associated with Pseudo- 
syringomyelia: Histologic Study, Arch. Neurol. & 
Psychiat. 37:1356 (June) 1937. 
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spinal cord is not uncommon.’  Kernohan, 
Woltman and Adson * stated that in none of 
their 61 cases was there extension along the 
subarachnoid space to a higher or lower level. 
A few observers noted that extension into the 
membranes of the cord was rare."® Actual dis- 
semination of an intramedullary tumor along 
the subarachnoid space has been reported only 
occasionally.'® 


CLINICAL FEATURES 


Age Incidence.—It is generally agreed that the 
incidence of tumors of the spinal cord is greatest 
between the third and the seventh decade of life 
(Elsberg 7°). Péron*! stated that intramedul- 
lary growths are more common in adults, and 
of the 29 reported by Elvidge and associates,"* 
only 1 occurred in a child. In the series of cases 
of intramedullary tumors reported by Adson ** 
the earliest age of onset was 7 years, although he 
stated that a case of such a tumor in a 22 month 
old child had been recorded. Rubinstein ** re- 
ported a case of a glioma of the spinal cord in 
a 5% year old child, and Christophe ** recorded 
an intramedullary tumor in a 34 month old child. 
Craig and Sheldon * gave the age range as 8 


17. (a) de Quervain, F.: Zur Klinik und Operation 
der intramedullaren Riickenmarkstumoren, Schweiz. 
med. Wehnschr. 56:585, 1926. (b) Bériel, L., and 
Mestrallet, A.: Tumeurs intra-rachidiennes: Un cas 
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Lyon méd. 142:713, 1928. (c) Slater, J. K., and Rey- 
nolds, F. W.: A Study of a Case of Cervical Glioma, 
Brain 52:425, 1929. (d) Bériel, L.: Tumeurs intra- 
rachidiennes. Diagnostic général, Cong. Soc. internat. 
de chir., Rap. 2:351, 1932. (e) Kernohan, Woltman 
and Adson.*# 

18. Redlich, E.: Ueber Diagnose und Behandlung 
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Guillain, G.; Bertrand, L., and Péron, N.: Gliomatose 
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19. (a) Grund, G.: Ueber die diffuser Tumoren insbe- 
sonders Gliosarcoma in den Leptomeningen, Deutsche 
Ztschr. f. Nervenh. 31:283, 1906. (b) Pette, H., and 
Kornyey, S.: Zur Kenntnis der Rtickenmarksgliome 
mit Ausgang in Syringomyelie, ibid. 117-119:371, 1931. 
(c) Eden, K. C.: Dissemination of a Glioma of the 
Spinal Cord in the Leptomeninges, Brain 61:298, 1938. 
(d) Wolf! 

20. Elsberg, C. A.: Surgical Diseases of Spinal 
Cord, Membranes and Nerve Roots, New York, Paul 
B. Hoeber, Inc., 1941. 

21. Péron, N.: Les tumeurs intra-médullaires, Encé- 
phale 26:469, 1931. 

22. Adson, A. W.: Intraspinal Tumors: Surgical 
Considerations; Collective Review, Internat. Abstr. 
Surg 67:225, 1938. 

23. Rubinstein, B. G.: Intramedullary Glioma of the 
Spinal Cord in Childhood, J. nevropat. i psikhiat. 21: 
162, 1928. 

24. Craig, W. M., and Sheldon, C. H.: Tumor of 
Cervical Portion of Spinal Cord, Arch. Neurol. & 
Psychiat. 44:1 (July) 1940. 


to 52 years in a series of 19 cases of intramedyl. 


lary tumors of the cervical portion of the cord, 
Walker ** stated that intramedullary neoplasms 
are tumors of adult life but reported 2 instances 
of such growths in children in a series of 17 
cases. In Stookey’s °° report on tumors of the 
spinal cord in childhood, all 3 intramedullary 
tumors were in the cervical region. Hamby” 
analyzed 100 cases of tumor of the spinal cord 
occurring in children under 15 years of age. The 
distribution among the various types of tumors 


was as follows: glioma, 23 per cent ; sarcoma, 18 © 


per cent; neurinoma, 7 per cent; meningioma, 
5 per cent; dermoid, 10 per cent; lipoma, 7 per 
cent; tumors of sympathetic tissue, 4 per cent; 
chloroma, 8 per cent, and miscellaneous tumors, 
18 per cent. Most of the tumors were in the 
cervical and upper thoracic regions. In the 1 case 
of tumor occurring in the first decade of life in 
our series the thoracic area was involved, and of 
the 5 cases of tumor occurring in the second 
decade, the growth was cervical in 2, thoraco- 
lumbar in 2 and caudal in 1. In the series of 
27 cases of glioma reported here, the age range 
was from 6 to 67 years, the average age being 
36 years. In Delagéniére’s ** series of 9 cases 
of tumor the average age was the same, although 
his youngest patient was only 22. Our cases 
were evenly distributed from the second to the 
sixth decade. The average ages for the patients 
with tumors of the cervical and thoracolumbar 
regions and of the cauda equina were 39, 36 and 
25 years respectively. In our pathologically veri- 
fied cases the astrocytomas and the ependymomas 
showed no difference in the range of ages. 
Sex Incidence.—El\sberg,”° in his series of 19 
cases of intramedullary tumor, reported that 10 
patients were males and 9 females. Kernohan 
and associates ** reported that in their series of 51 
cases of intramedullary tumor males were more 
commonly affected. In the series presented here, 
21 were males and 6 females. Wilson,® in a 
review of the literature of tumors of the cord 
in general, fond 324 males and 260 females. 
Duration of Symptoms. — Intramedullary 
tumors seem to run a longer course than extra- 
medullary tumors. Kernohan ** stated that the 


symptoms of intramedullary tumor are of longer — 


25. Walker, A. E.: Early Diagnosis of Spinal Cord 
Tumor, J. Indiana M. A. 33:360, 1940. 


26. Stookey, B.: Tumors of Spinal Cord in Child | 


hood, Am. J. Dis. Child. 36:1184 (Dec.) 1928. 
27. Hamby, W. B.: Tumors in the Spinal Canal in 


Childhood: Analysis of Literature with Report of Case, 


J. Nerv. & Ment. Dis. 81:24, 1935. 

28. Delagéniére, Y.: Les tumeurs de la moelle, J. 
de chir. 29:516, 1927. 

29. Kernchan.'™ Kernohan, Woltman and Adson.# 
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duration because the tumor may grow consider- 
ably before compressing the structures of the 
spinal cord. This statement has been confirmed 
by Craig and Sheldon,?* who in an analysis of 
91 cases of tumors of the cervical region found 
that the intramedullary tumors had the longest 
clinical course. In 9 of their cases symptoms 
had existed for five years or longer, the longest 
period being thirteen years. Lichtenstein and 
Zeitlin,!*” too, emphasized the long duration of 
symptoms of intramedullary tumor and reported 
a case in which the duration was seventeen years. 
A similar impression was recorded by Eisels- 
berg, who, on the basis of 14 cases of intra- 
medullary tumor of the cord, stated that the 
clinical course is usually slow and the lesion may 
be present for years before operation is per- 
formed. On the other hand, he reported sev- 
eral cases which were characterized by a rapid 
course. Many cases of intramedullary tumor 
with symptoms of two to ten years’ duration *° 
are on record. 

That this is not a matter of unanimity is re- 
vealed by the conflicting opinions expressed by 
many other authors concerning the duration and 
onset of intramedullary tumors of the spinal 
cord. Ayer,’ in a series of 18 cases of intra- 
medullary tumor, reported an average duration 
of symptoms of twenty-six months, with a range 
of six weeks to six years, and in cases of extra- 
medullary tumor, he found an average duration 
of twenty-four months, with a range of five 
weeks to seven years. Moreover, Trabattoni * 
expressed the belief that the course of extra- 
medullary tumor is ordinarily much longer than 
that of intramedullary tumor but found that 
the reverse may be true at times. He cited a 
case of extramedullary tumor with symptoms 
of six days’ duration and a case of an intra- 
medullary tumor with a clinical course of seven 
years. Spurling and Mayfield,** in an analysis 
of 42 cases, asserted that there is no difference 
between the duration of symptoms of intra- 
medullary and that of extramedullary tumor 
before operation. Bériel*' stated that intra- 
medullary tumor lies between syringomymelia 
and extramedullary tumor in the length of the 
course and, further, that an intramedullary 


30. Lindgren, E.: On Diagnosis of Tumors of the 
Spinal Cord by the Aid of Gas Myelography, Acta 
chir. Scandinav. 82:303, 1938. Elvidge, Penfield and 
Cone.13 
31. Trabattoni, C.: Considerazioni cliniche sui tumori 
intra- ed extramidollari, Cervello 9:109, 


32. Spurling, R. G., and Mayfield, F. H.: Neoplasms 
of Spinal Cord: Review of Forty-Two Surgical Cases, 
J. A.M. A. 107:924 (Sept. 19) 1936. 


tumor may progress acutely after the onset of 
the first symptom or may often last for years 
after the first manifestation.1¢ Jirasek stated 
the belief that intramedullary tumors in the 
thoracic region of the cord manifest themselves 
before those in other locations. He cited in- 
stances in which intramedullary tumor developed 
acutely and led to paresis or death within a few 
days or weeks,** and we have found additional 
reported cases with acute onset.** Jirasek as- 
serted that this rapid course may be due to 
(1) the malignancy of the tumor involved; (2) 
hemorrhage into the tumor, or (3) movement 
of the tumor due to changes in pressure of the 
spinal fluid. 

Tumors of the cauda equina are generally 
agreed to have a prolonged course, though, 
again, there are variations in the averages from 
less than one year to six years.*® Kernohan 
and associates,** in a review of 25 verified cases 
of tumor of the cauda equina, noted no signifi- 
cant differences in the duration of symptoms 
with various histologic types of tumor. 

An analysis of our 27 cases reveals facts which 
are at variance with the recorded impressions. 
The average duration of symptoms for all our 
cases was twenty months. In 6 cases symptoms 
were present less than six months; in 11 cases, 
six months to two years, and in 10 cases, two 
to six years. The duration of symptoms ap- 
peared to increase the lower the position of the 


33. (a) Foerster, O.: Zur Diagnostik und Therapie 
der Riickenmarkstumoren, Deutsche Ztschr. f. Nervenh. 
70:64, 1921. (b) Barré, J. A.: Les differentes des 
compressions médullaire, Presse méd. 31:449, 1923. 
(c) Kroll, M., and Beilin, L.: Beitrag zur Pathologie 
der akut verlaufenden Riickenmarkstumoren, Deutsche 
Ztschr. f. Nervenh. 111:258, 1929. (d) Gamper and 
Stiefler.3¢ 


34. (a) Feiling, A.: Two Cases of Intramedullary 


Tumor of Spinal Cord, Lancet 1:957, 1920. (b) 
Browder, J.: Tumors of Spinal Cord, Am. J. Surg. 
24:1, 1934. (c) Adelstein, L. J., and Patterson, G. 


H.: Surgical Treatment of Ependymal Glioma of 
Spinal Cord, Arch. Surg. 30:997 (June) 1935. (d) 
Ayer.14 (e) Slater and Reynolds.17¢ (f) Eden.1% 
35. (a) Spiller, W. G.: Tumor of Cauda Equina and 
Lower Vertebrae: A Report of Nine Cases, Am. J. M. 
Se. 135:365, 1908. (b) Parker, H. L.: Diagnosis of 
Tumors of Cauda Equina, Conus and Epiconus Medul- 
laris: A Report of Twenty-Nine Cases, ibid. 163:342, 
1922. (c) Ott, W. O., and Adson, A. W.: Diagnosis 
and Treatment in Collected Papers of Tumors of Spinal 
Cord Involving Conus and Cauda Equina, in Collected 
Papers of the Mayo Clinic (1923), Philadelphia, W. B. 
Saunders Company, 1924, vol. 15, p. 1137. (d) Allen, 
I. M.: Tumors Involving the Cauda Equina: Review 
of Their Clinical Features and Differential Diagnosis, 
J. Neurol. & Psychopath. 11:111, 1930. (e) Elsberg.3> 
36. Kernohan, J. W.; Woltman, H. W., and Adson, 
A. W.: Gliomas Arising from the Region of the Cauda 
Equina, Arch. Neurol. & Psychiat. 29:287 (Feb.) 1933. 
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tumor in the spinal cord. Thus the average 
duration for the cervical tumors was seventeen 
months, for the thoracolumbar tumors twenty- 
two months and for the tumors of the cauda 
equina thirty-two months. For the thoracolum- 
bar tumors, if 1 case with symptoms of five 
years’ duration is excluded, the average becomes 
eighteen months, essentially the same as that 
for the cervical tumors. 

Analysis of our 17 verified cases indicates that 
the ependymomas have a distinctly longer course 
than the astrocytomas. Thus, average duration 
of symptoms for the ependymomas was twenty- 
nine months, as compared with thirteen months 
for the astrocytomas. 

It appears, therefore, that the duration of 
symptoms cannot be used as a safe criterion in 
the differential diagnosis of intramedullary and 
extramedullary tumor. While numerous authors 
have stated that this point is of significance in 
identification of intramedullary tumors of the 
spinal cord, there is no agreement on this point. 
. Some observers believe, on the one hand, that 
intramedullary tumors run a prolonged course, 
and, on the other, that they are predisposed to an 
acute onset and rapid progression. The observa- 
tions in our series indicate no significant differ- 
ence in the duration of the clinical course of 
intramedullary gliomas as compared with that 
oi extramedullary tumors. A few reports previ- 
ously cited, confirm our observations and empha- 
size the absence of any difference in length of the 
clinical course among intraspinal tumors. 

The gliomas of the cauda equina run a pro- 
longed course, probably as the result of the 
mobility of the nerve roots in this position. 
Hence, this point may be of service in differentia- 
tion of a tumor from an inflammatory lesion in 
this region,®*’ although it must be remembered 
that numerous instances of tumor of the cauda 
equina of only several months’ duration have 
been reported. 

Mode of Onset—The onset of symptoms is 
usually characterized by sensory phenomena, 
chiefly pain, in cases of both intramedullary and 
extramedullary tumors.** This is especially true 
of tumors of the cauda equina.*® Several authors 
have stated that paresthesias are characteristic of 


37. Elsberg, C. A., and Constable, K.: Tumors of 
Cauda Equina: Differential Diagnosis Between New 
Growths and Inflammatory Lesions of the Caudal Roots, 
Tr. Am. Neurol. A. 55:344, 1929. 

38. (a) Elsberg, C. A., and Stookey, B.: Mechanical 
Effects of Tumors of the Spinal Cord, Arch. Neurol. 
& Psychiat. 8:502 (Nov.) 1922. (b) Jones, O. W., 
Jr., and Naffziger, H. C.: Tumors of Spinal Cord, 
California & West. Med. 45:17, 1936. (c) Ayer.14 
(d) Elsberg.2° (e) Kernohan and Associates.*® 

39. Parker.25> Allen.254 Elsberg and Stookey.38@ 


the onset of intramedullary tumor.*° Others, | 


however, reported that motor symptoms were 
first to appear.** 

In our series, pain was the first symptom in 
16 of the 27 cases; weakness ushered in the 
illness in 7 cases. Paresthesia or numbness was 
noted as the first symptom in 5 cases. The 
location of the tumor was apparently of no sig. 
nificance so far as the type of onset was con- 


cerned, except that with tumors of the cauda 


equina the onset was always with pain (table), 


Mode of Onset of Intramedullary Tumors of the Cord 
in Twenty-Seven Cases 


Root Pares- Numb- Motor 
Level of Lesion Pain Type __ thesias ness Weaknes 
6 1 2 1 3 
Thoracolumbar.... 7 3 oe 2 4 
Cauda equina...... 3 2 


‘Root pain was the first symptom in 6 cases— 
1 of cervical tumor, 3 of thoracolumbar tumor 
and 2 of tumor of the cauda equina. The onset 
of symptoms of intramedullary tumor with a 
radicular type of pain has been observed by other 


authors. Allen *** noted that root pain was the — 


initial symptom in 18 per cent of 69 cases of 
tumor of the cauda equina. Elsberg and 
Stookey *“* reported onset with root pain in 2 of 


their 16 cases of intramedullary tumor, and other — 
cases of intramedullary tumor with onset with — 
root pain have been recorded. Jones and Naff- _ 


ziger,**» in 55 cases of tumor of the spinal cord, 
found no distinction in the type of pain at onset 


with intramedullary and with extramedullary 


tumors. 


Pain was found in segments far distant from 


the level of the lesion in the cord, but always 
below the lesion. This was seen in 1 case of 
cervical and in 2 cases of thoracic tumor, the 


| 


pain in the case of the cervical tumor being of - 
a rootlike nature. In addition, the cervical 
tumors had an onset with paresthesias in the 
thigh. This misleading symptom has frequently 


been observed by other authors.*? 


40. Steinke.» 
41. (a) Sargent, P.: Surgical Aspects of Spinal 
Tumors, Brit. M. J. 1:37, 1920. (b) Stookey.?6 


42. (a) Karger, P.: Die Wurzelschmerzen bei intra — 
medullaren Neubildungen Monatschr. f. Psychiat. 


Neurol. 39:167, 1916. (b) Oppenheim, H.: Beitrage 


zur Diagnose und Therapie der Geschwiilste im Berich — 
des zentralen Nervensystems, Berlin, S. Karger, 1907. 


(c) Heilbronner, K.: Zur Diagnostik des Ricken 
markstumors, Deutsche Ztschr. f. Nervenh. 34:28, 


1908. (d) Zimmern, A.; Chavany, F. A., and David 


M.: A propos d’une fausse sciatique (tumeur intra 
médullaire), Bull. et mém. Soc. de radiol. méd. & 
France 17:105, 1929. (e) Weaver, J. C.: Intre 
medullary Tumors, J. M. A. Georgia 25:61, 1936. (f) 
Ayer.14 (g) Adelstein and Patterson.34¢ 
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Sphincter disturbances associated with weak- 
ness constituted the first symptom in a single 
case, one of a cervical astrocytoma. Similar 
modes of onset with sphincter disturbances have 
been noted by other authors.*** More unusual 
modes of onset, such as persistent turning of the 
head *® and ataxia,** have been reported. 

Severe injury preceded the onset of symptoms 
in 6 of our cases—in 2 cases, two months, and 
in 1 case, four months prior to the onset; 
and in 3 cases the injury was coincident with 
the onset of symptoms. In 3 of the cases the 
tumor was in the cervical region; in 1 case, in 
the thoracic region, and in 2 cases, in the cauda 
equina. Four of these cases, including those of 
tumor in the cauda equina, fulfilled the require- 
ments stated by Thiem*® regarding the rela- 
tions between trauma and tumor, namely, intense 
trauma, identical position of injury and tumor, 
chronologic relation and connecting symptoms. 
Mayer,*® while admitting it is not easy to con- 
ceive how a neoplasm can be caused by trauma, 
stated the belief that gliomas occupy a special 
position among tumors in this respect. He 
cited cases of Neubiirger, *7 Volland ** and Rein- 
hardt *® in which gliomas formed about for- 
eign substances, such as wire and bullets, and 
cited numerous cases in the literature in which a 
glioma was directly preceded by severe injury 
at the site of the subsequent growth. Kernohan 
and associates ** found 6 instances in a series 
of 25 cases of tumors involving the cauda 
equina in which the onset was preceded by 
trauma. There is abundant evidence that 
trauma may be associated with onset of tumors 
of the cauda equina,®® and Bailey *' stated the 
conviction based on his experience that trauma 
is an etiologic agent in tumor of the spinal cord. 


43. Allen, I.: Glioma of the Cervical Cord, Canad. 
M. A. J. 28:417, 1933. 

44. Guillain, G.; Bertrand, I., and Garcin, R.: La 
forme cérébello-spasmodique de début des tumeurs de 
la moelle cervicale haute, Rev. neurol. 2:489, 1930. 

45. Thiem, C.: Handbuch der Unfallerkrankungen, 
Stuttgart, F. Enke, 1910. 

46. Mayer, K.: Riickenmarksgeschwulst und Trauma, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 125:95, 1930. 

47. Neubiirger, K.: Ueber das Auftreten von Gliomen 
nach Kriegsschussverletzungen des Gehirns, Miinchen. 
med. Wchnschr. 72:508, 1925. 

48. Volland: Ueber traumatische Gliomenstehung, 
Miinchen. med. Wehnschr. 72:1544, 1925. 

49. Reinhardt, G.: Trauma-Fremdkérper-Hirngesch- 
wulst, Miinchen. med. Wehnschr. 75:399, 1928. 

50. Cohen, H.: Kelly, R. E., and Hughes, R. R.: 
Ependymoma of the Filum Terminale, Liverpool Med.- 
J. 46:206, 1939. Allen.254 Elsberg and Consta- 

51. Bailey, P.: Painless Tumors of Spinal Cord, J. 
A. M. A. 63:6 (July 4) 1914. 


It is more than probable, in our opinion, that 
the trauma in each of our cases was caused by 
minor alterations of muscular power or coordi- 
nation due to the presence of the tumor or that 
the trauma itself, by causing a readjustment of 
the spinal fluid pressure, precipitated symptoms 
in a previously asymptomatic tumor. Cox ™ 
reported a case of cervical glioma the onset of 
which was precipitated by an injury. He sug- 
gested that the injury, by producing edema about 
the tumor or hemorrhage into it, caused the 
clinical picture to become manifest. Only in 
cases of tumor of the cauda equina does there 
appear to be an incidence of trauma associated 
with tumor greater than can be attributed to 
mere chance. 

Remissions following the onset of symptoms 
were noted in 3 of our cases. In a case of cer- 
vical tumor there was a remission of symptoms 
for a year, and in 2 cases of tumor of the cauda 
equina remissions occurred on several occasions 
for varying periods, up to two years. Remis- 
sions, varying in length from several months 
to five years, have been noted previously in 
many instances.°* These remissions appear to 
be more common with caudal tumors.®* This 
can be accounted for, according to Elsberg,° 
by a variable degree of swelling and edema of 
the tumor. Grosz ** reported remissions dur- 
ing pregnancy or after patients had been con- 
fined to bed in the horizontal position. He cited 
Foerster ** as saying that this may be due to 
adaptation of the spinal cord to changes in pres- 
sure. 

Pain as a Symptom of Intramedullary Tumor. 
—The occurrence of pain with intramedullary 
tumor has given rise to considerable difference 
of opinion. Robineau,?* Rasmussen and associ- 
ates,‘* Foix and Young *® all asserted that 
pain is distinctly less common and less intense 
with intramedullary than with extramedullary 
tumors and indicated that this may even be a 


52. Oljenick, I.: Intramedullary Tumors, Nederl. 
tijdschr. v. geneesk. 80:1335, 1936. Ferey, D.: A 
propos d'une observation de tumeur kystique de la 
moelle, Bull. méd., Paris 50:462, 1936. Paleari, A.: 
Difficolta diagnostische in casi di tumore endomidollare; 
contributo clinico ed anatomo-patologico, Riv. di neurol. 
12:269, 1939. Hammes, E. M.: Spinal Cord Tumor, 
Minnesota Med. 20:263, 1937. Bailey.51 Elsberg.2° 

53. Parker.35b Allen,.35d 

54. Grosz, K.: Klinische und Liquordiagnostik der 
Riickenmarkstumoren, Berlin, Julius Springer, 1925. 

55. Foix, C.: Rapport sur les compressions médul- 
laires, Rev. neurol. 30:610, 1923. 

56. Young, A.: Contribution to Discussion on Special 
Cord Tumors, Cong. Soc. internat. de chir., Rap. 2:813, 
1932. 
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point of differential diagnosis between the two 
conditions. Rasmussen, Kernohan and Adson ™* 
and Adson ** stated that intramedullary tumors 
rarely produce pain, but in a subsequent article 
Kernohan, Woltman and Adson * reported pain 
in a high percentage of cases of such tumors. 
On the other hand, Jones and Naffziger,**” 
Harris ** and others ** stated that intramedullary 
tumor is associated with as much pain as other 
spinal neoplasms. Craig and Sheldon **: re- 
ported pain in all their cases of intramedullary 
tumors of the cervical portion of the cord; the 
6 tumors in their series of 91 growths in this 
portion of the cord without associated pain were 
extramedullary. Walker,?> in a series of 58 
cases of cervical intramedullary tumors, found 
that pain was not a prominent symptom but that 
paresthesias were frequent. Because of the 
conficting evidence concerning the presence or 
absence of pain with intramedullary tumor, the 
occurrence of this symptom cannot be used as 
a differential point in the diagnosis of intra- 
medullary and extramedullary growths. 

Pain occurred in 23 of the 27 cases of our 
series and was the outstanding symptom in 18 
cases. It was usually early, regardless of the 
segment of the cord in which it was located, 
either ushering in the symptoms or appearing 
shortly, in a month or two, after the first symp- 
tom. 


Root Pain.—Root pain occurred in 14 of the 
23 cases in which pain was a feature, showing 
no predilection for tumors of any location ex- 
cept that it was present in all 3 cases of tumor 
of the cauda equina. Cairns and Riddoch ** 
expressed the belief that root pain is more likely 
to occur with intramedullary tumors invading 
the thoracic portion of the cord. The root pain 
in 1 case appeared early in the course of the 
disease. This is contrary to the observations 
of Wilson ® and Elsberg,?® who noted that such 
pain occurs late in the course of intramedullary 
tumor. Root pain has been reported frequently 
in cases of intramedullary tumor.®® The oc- 
currence of extramedullary tumors without pain 


57. Harris, W.: Sensory Changes in Spinal Cord and 
Medullary Lesions, Brain, 50:399, 1927. 

58. (a) Schultze, F.: Erfolgreiche Operation eines 
intramedullaren Tumors, Deutsche med. Wchnschr. 38: 
1676, 1912. (b) Cairns, H., and Riddoch, G.: Observa- 
tions on Treatment of Ependymal Gliomas of the 
Spinal Cord, Brain 54:117, 1931. 

59. (a) Foerster, O.: Die Lietungsbahnen des 
Schmerzgefiihls und die chirurgische Behandlung der 
Schmerzzustande, Berlin, Urban & Schwarzenberg, 
1927. (b) Ayer.14 (c) Kernohan and associates.4@ 
(d) Wilson. (e) Lichtenstein and Zeitlin.1%>  (f) 
Elsberg and Stookey.28* (h) Schultze.58@ (i) Cairns 
and Riddoch.58> 


is of course a common clinical experience.® In 
some series pain was absent in 50 per cent of 
cases of such tumors.*t That the presence or 
absence of root pain cannot be used to localize 
a spinal tumor within or without the cord seems 
therefore to be well established. 

The origin of root pain in association with in- 
tramedullary lesions has intrigued many ob- 
servers. The first possibility is that of direct 
extension of the tumor into the nerve root it- 
self. This could not be confirmed or ruled out 
in our material. The production of root pain 
by crowding of the roots, either by a swollen 
cord or by the tumor itself bursting forth from 
the cord, was amply demonstrated in our cases, 
Foerster ® showed that the spread of gliosis into 
the posterior horn may produce pain in every 
way identical with root pain, and Dusser de 
Barenne ** demonstrated that the application of 
strychnine to the posterior horns in an animal 
was capable of producing paresthesias in the 
skin corresponding to the segment of the spinal 
cord excited, even after degeneration of the 
corresponding posterior root. Richardson," in 
a review of cases of spontaneous hematomyelia, 
noted that pain was common, but not invariable; 
and he concluded that the pain was due to 
hemorrhage into the posterior horns, since pres- 
sure on the nerve roots could not be demon- 
strated although in all 4 cases which he reported 
there was pain. In 1 of his cases of hemato- 
myelia with little involvement of the posterior 
horn the pain was slight. Further evidence for 
this possible origin is given in reports by 


60. (a) Collins, J., and Marks, H. E.: The Early 
Diagnosis of Spinal Cord Tumors, Am. J. M. Sc. 149: 
103, 1915. (b) Glass, R. L.: Treatment of Extra- 
medullary Spinal Cord Tumor Occurring Without Pain 
or Sensory Change, with a Report of a Case, ibid. 171: 
552, 1926. (c) Laporte, F.; Riser, and Sorel, R.: Les 
tumeurs médullaires indolentes, Rev. neurol. 2:164, 1927. 
(d) Armour, D. J.: The Diagnosis and Treatment of 
Spinal Cord Tumors, Brit. M. J. 2:429, 1928. (e) 
Lopez Albo, W., and Vidarte, F.: Tumores indolentes 
de la medula espinal, An. de med. int. 3:579, 1934. (f) 
Jirasek.1i (g) Wilson*® (h) Elsberg.2® (i) Tra- 
battoni.31 (j) Bailey.51 (k) Rogers, L.: Surgery of 
Spinal Cord Tumors, Lancet 1:187, 1935. (J) Foers- 
ter.59a 
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Einiges zur Diagnostik der 


Riickenmarksgeschwiilste, Ztschr. f. d. ges. Neurol. u — 


Psychiat. 21:262, 1914. (b) de Sanctis, C.: 
Beitrag zum Studium der Riickenmarksgeschwiilste und 


Klinischer 


des Froinschen Syndroms im Liquor, Deutsche Ztschr. 4 


f. Nervenh. 76:183, 1923. 
62. Foerster, footnotes 33a and 59a. 


63. Dusser de Barenne, J. G.: Strychninwerkung auf . 


das Zentralnervensystem, Folia neuro-biol. 7:549, 1913. 
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Angioma as Possible Cause, Brain 61:17, 1938. 
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Schultze,**> Antoni ** and Elsberg,*® who encoun- 
tered cases of intramedullary tumor in which 
severe pain of a radicular character resulted 
from involvement of the posterior horn. Foer- 
ster stated the belief that in some cases of intra- 
medullary tumor the root pain was due to asso- 
ciated arachnoiditis. However, Cairns and Rid- 
doch **" rejected this explanation on the basis 
of observations at operation in 1 of their cases 
with definite root pain. 

Spinal Pain.—‘Spinal” pain is described as 
a dull aching or soreness, usually in the middle 
or lower portion of the back. Wilson ® stated 
that patients with such pain prefer to lie on the 
side; in 2 of our cases, however, the pain was 
noted particularly when the patient was recum- 
bent. In our experience, spinal pain tends to 
be constant. We have noted it with 2 cervical 
and 6 thoracolumbar tumors and with 2 tumors 
of the cauda equina. Kernohan, Woltman and 
Adson ** observed it in 72 per cent of their 
cases of intramedullary tumor, a higher per- 
centage than that for their cases of extramedul- 
lary tumor. Wilson suggested that it might 
be due to irritation of root filaments, the ex- 
ternal branches of the posterior primary di- 
visions of the spinal nerves. Elsberg expressed 
the belief that it is a sequel to irritation of the 
inner side of the dura. In 6 of our cases with 
spinal pain, root pains in the same location fol- 
lowed and replaced the original spinal pain. 
The latter tends to radiate to areas of the back 
distant from the actual level of the lesion and 
is therefore of no localizing value.*® 


Tract Pain—Tract pain consists of burning, 
often severe, radiating pain which is referred 
toa part or the whole of a limb, generally ignor- 
ing radicular lines. It was found in 4 cases of 
cervical and in 3 cases of thoracolumbar tumor 
in our series. Pain of this nature is often re- 
ferred to a point distant from the segment of 
the cord involved but is always below the site 
of the lesion. Elsberg *° cited his own experi- 
ence, and that of many others, in confirming 
this observation in cases of extramedullary, as 
well as of intramedullary, tumor.®’ He stated 
the belief that it is the result of irritation due 
to early involvement of the pathways for pain 


65. Schultze, F.: Zur Diagnostik und operativen 
Behandlung der Riickenmarkshautgeschwiilste, Mitt. a. 
d. Grenzgeb. d. Med. u. Chir. 12:153, 1903. 

66. Ayer.14  Wilson.® 

67. Ransom, W. B., and Thompson, J.: A Case of 
Tumor of the Spinal Dura Mater, Brit. M. J. 1:395, 

Flatau, E.: Wirbel und Riickenmarksgesch- 


Wiilste, in Lewandowsky, M.: Handbuch fiir Neurologie, 
Berlin, Julius Springer, 1911, vol. 3, pt. 2, p. 640. 
im.42b Heilbronner.42¢ 


in the spinal cord and stated that it is never 
radicular. In 3 of aur cases it was radicular, 
the tumor being cervical in 2 cases, with pain 
referred to the lower limbs. Collins and 
Marks ** and Henschen * also observed a case 
of root radiation of tract pain. 

Anesthesia dolorosa has been regarded by 
many observers as characteristic of an intra- 
medullary lesion.*® Wilson,”° on the other hand, 
expressed the belief that it occurs in cases 
of peripheral and radicular lesions and is seldom 
present in cases of purely spinal disease. In 2 
of our cases the tumor was associated with 
anesthesia dolorosa, in both being thoracic in 
location; 2 cases of cervical tumor had a less 
typical expression of the syndrome. 

In almost all the cases of tumor of the caudal 
region there was prolonged remission from pain. 
In 1 case of a lumbar tumor there was remis- 
sion of pain for one year, although other symp- 
toms were progressive. Pain, however, was a 
constant symptom of the cervical and thora- 
columbar tumors, with little tendency to remis- 
sion. 

Paresthesias and Other Sensory Symptoms. 
—Among the many indeterminate symptoms en- 
countered in our series were sensations of heat 
or cold (2 cases), loss of temperature sense 
(2 cases), loss of pain or touch sensation 
(2 cases), numbness (1 case) and increased 
sensitivity to touch (2 cases). Paresthesias, 
such as prickly feelings, tingling, “pins and 
needles” sensations or a sensation of a limb 
“falling asleep,” were frequently encountered 
(13 cases). A feeling of constriction, usually 
of the abdomen (2 cases), of itching (2 cases) 
and of swelling of the hands were other, less 
frequent, complaints. Such symptoms were 
noted in 22 of our 27 cases, in 5 of which they 
appeared at onset of the illness. Symptoms of 
this nature were not severe, but, once estab- 
lished, they were persistent and progressive, be- 
coming more constant and more extensive in 
distribution. 

Experiences cited in the literature indicate 
that the sensory symptoms of the type described 
are frequently encountered with intramedullary 
tumors. Paresthesias were present as a symp- 
tom of onset in 20 to 50 per cent of cases.” 
Steinke,’” on the basis of a review of 330 cases, 
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stated that it was characteristic of intramedullary 
tumors to begin with numbness or tingling, fol- 
lowed by motor symptoms, but Young * stated 
that paresthesias and paraplegias are most fre- 
quently associated with extramedullary tumors. 
Elsberg *° observed that while paresthesias are 
thought to characterize intramedullary tumor, 
they are present also in many cases of extra- 
medullary tumor and they can, therefore, not 
be regarded as pathognomonic of intramedullary 
neoplasms. 

The average interval of onset of paresthesias 
after the appearance of the first symptom was 
nine months—six months for the cases of cer- 
vical tumor, nine months for the cases of thora- 
columbar tumor and twenty-one months for the 
cases of the cauda equina. This confirms the 
assertion that these symptoms appear earliest, 
and more prominently, with tumors of the cer- 
vical portion of the cord (Walker **; Linde- 
mann **). They are of no localizing value. In 
4 of the 12 cases of tumor of the cervical por- 
tion of the cord there were paresthesias in seg- 
ments well below the one actually involved. The 
same holds true for the feeling of constriction, 
which, as Elsberg pointed out, is not associated 
with the area actually involved by the tumor. 
Other authors have also noted abdominal girdle 
sensations associated with tumors of the cervical 
portion of the cord.”* 

The pathogenesis of the various forms of 
paresthesia is not clear. Ayer ** expressed the 
opinion that numbness indicated considerable 
compression or destruction of the cord. Hugh- 
lings Jackson ** suggested that the sensation of 
overcoldness or a subjective sensation of cold may 
be due to the patient’s inability to appreciate heat 
in precisely the same cutaneous area. Wilson *° 
cited 2 cases in support of this hypothesis, in both 
of which the patients complained of sensations of 
cold from a limb which objectively had selective 
loss of heat sensation. He reported 2 other cases, 
however, which failed to support this theory, and 
he suggested, instead, that a vascular or sym- 
pathicovascular disorder caused by the neoplasm 
may account for these subjective sensory symp- 
toms. Wilson also stated the belief that irrita- 
tion of central pathways in the spinal cord by 
the growing neoplasm might cause hyperpathia. 
Foerster ** showed that stimulation of the col- 
umns of Goll in the cervical portion of the cord 
resulted in the production of paresthesias and 
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that incision of the posterior columns would | 
also produce paresthesias and hyperalgesia. 
Motor and Reflex Changes.—In all 27 of ow 
cases there were motor symptoms or signs of 
varying degrees. In 9 cases motor symptoms 
initiated the picture. In the 18 cases in which 
the motor disturbances were not the first symp. 
toms, the average length of time of their appear- 


ance after onset of symptoms was ten months 
for tumors of the cervical region, eight months 
for tumors of the thoracic region and twenty-one 
months for the tumors of the lumbocaudal re- 
gion. Remission of motor symptoms occurred 
only in a single case of tumor involving the 
cauda equina; in all the other cases the course 
after their appearance was relentlessly progres- 
sive. Analysis of the motor symptoms accord- 
ing to localization reveals the following picture: | 

Tumors of the Cervical Region: The pattem 
of development of weakness varied greatly. In 
7 cases of infiltrating tumor of the cervical por. | 
tion of the cord there was quadriplegia, with 
the upper limbs most involved. In most in- 
stances the quadriplegia had its onset with in- 
volvement of the ipsilateral arm; this was fol- 
lowed by weakness of the ipsilateral leg, then 
of the contralateral arm and finally of the con- 
tralateral leg. Almost as frequent, however, 
was the development of weakness in one arm 


and then in the other arm, followed by weakness | 
In 1 case of spastic hemiparesis 
weakness developed first in the leg, followed by | 
In another case one 
Two cases could 
not be classified, in 1 of which the contralateral | 
arm and leg were paretic, and in the other” 


of the legs. 


involvement of the arm. 
arm alone showed weakness. 


triplegia involved one arm and both legs. Our 
findings, therefore are not in agreement with 
those of Browder,**® who stated that  intra- 
medullary tumor tends to produce symmetric 
motor involvement of the limbs, in contrast to 


the picture with extramedullary tumor. i 
The motor involvement observed with tumors | 


of the cervical portion of the cord is usually 
amyotrophic. Atrophy of the arms was noted im 
6 of the 7 cases in which a lesion of lower motor 
neuron type was present; fibrillations occurred 
in 3 of these cases. This is in accord with the 
conclusions of many investigators that the appeat- 
ance of the amyotrophic lateral sclerosis syt- 
drome is characteristic of intramedullary tumot 
of the spinal cord.*® Elsberg *° noted that with 
intramedullary tumor there is the same tendency 
for the motor signs to progress from proximal 
to distal involvement of the limbs as is seen if 
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the development of sensory changes. This is dif- 
ferent from the involvement noted with extra- 
medullary tumors. This phenomenon was pres- 
ent in 2 cases of cervical and in 1 case of thoraco- 
lumbar tumor in our series. 

A lesion of upper motor neuron type involved 
the arms in 3 cases, in each instance associated 
with a pyramidal type of motor disturbance in 
one or both the lower limbs. In 1 case atrophy 
with loss of reflexes in a lower limb was associ- 
ated with a similar lesion of the lower motor 
neuron type involving the corresponding upper 
limb. We could find no explanation for this 
in the pathologic specimen. In all the remain- 
ing cases a pyramidal type of lesion involved the 
lower limb. 

Involuntary jerking movements were present 
in 2 cases, in 1 case affecting the leg and in the 
other the neck. Foerster *** and Cairns and 
Riddoch **” stated the belief that this is a com- 
mon sign with intramedullary tumor. In 3 cases 
of tumor of the high cervical region of the cord 
stiffness of the neck, not accompanied by Ker- 
nig’s sign, was present. 

A summary of our cases shows the occurrence 
of motor difficulties in the arm in 7 cases and in 
the leg in 5 cases. Craig and Sheldon,”* in 
their review of tumors of the cervical portion of 
the spinal cord, noted that in 35 of their 91 cases 
motor weakness was first noticed in the lower 
limb. They also found that in 10 per cent of 
cases the motor disturbances were present in the 
legs, with the upper limbs completely spared. 
In 2 of our 12 cases of intramedullary tumor of 
the cervical portion the same phenomenon was 
present. 

Tumors of the Thoracolumbar Region: In 9 
cases of tumor in the thoracolumbar region both 
lower limbs were involved. In all these cases the 
paralysis was spastic. In 3 of them there was 
complete paraplegia. In 2 instances of tumors 
involving respectively the sixth thoracic to the 
second lumbar segments and the twelfth thoracic 
to the first lumbar segment the paraplegia was of 
flaccid type, with loss of reflexes and absence of 
pathologic reflexes. The involvement was almost 
always asymmetric, the leg on the side of the 
tumor being involved first and the opposite limb 
following at a distinct interval. Involuntary 
jerking movements in the lower limb were noted 
in 2 instances, in both associated with spastic 
paraplegia. 


TUMORS OF THE CAUDA EQUINA 


These tumors showed relatively mild radicular 
involvement affecting the lower limbs. This 


relative mildness of involvement of the motor 
system by tumors in this position is in accord 
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with the observations of other -authors.** The 
diminished strength of reflexes and atrophy of 
the muscles were on the whole irregular and 
conformed to no constant pattern. One case 
presented a unilateral motor disturbance of up- 
per motor neuron type and a contralateral 
change of lower motor neuron type. This may 
be explained by the fact that the tumor arose 
from the cord at the level of the first lumbar 
segment, impairing the homolateral pyramidal 
tract, and spread down to involve the cauda 
equina, producing a peripheral type of motor 
weakness in the other leg. 

Objective Sensory Changes——Such distur- 
bances were present in 24 of our 27 cases, 
there being no sensory signs whatever with a 
tumor of the cervical region, a tumor of the 
cauda equina and a tumor of the thoracic region. 

The dissociation of temperature, pain and— 
touch sensations has long been considered a 
pathognomonic sign of intramedullary disease 
of the spinal cord and characteristic of intra- 
medullary tumor of the spinal cord. This 
dissociation, according to some authors, must 
be clear and distinct in order to be of value. 
On the other hand, Elsberg*® emphasized the 
fact that in many cases of extramedullary tumor 
there is a certain amount of dissociation of sen- 
sation, often leading to a false diagnosis of intra- 
medullary tumor. He pointed out further that 
all types of sensation are frequently involved by 
intramedullary tumor and that typical dissoci- 
ation is rarely seen. The dissociation of sen- 
sation with extramedullary tumor has _ been 
amply confirmed by other authors,’® especially 
when the growth is in the cervical region of 
the cord *®® or is ventrally placed.*°* In our 
series, sensory dissociation was definite in 8 
cases and indefinite in still another. In 4 of 
these cases the tumor was cervical and in 5 
thoracolumbar. 
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Tilney and Elsberg** emphasized that the 
more caudal dermatomes were the seat of the 
greater involvement in cases of compression by 
extramedullary tumors, that there was more 
pronounced sensory alteration near the segmen- 
tal level of an intramedullary growth and that 
this differential point was the most reliable in 
the sensory examination. Elsberg, in his later 
work,*' reiterated these points, as have others 
since.** Many reports of single cases have fur- 
ther demonstrated this to be a frequent obser- 
vation.** Serko * and Elsberg,?° on the other 
hand, noted a case of a medial line, anteriorly 
placed extramedullary tumor in which sensory 
disturbances were predominant in the higher 
dermatomes with sacral sparing. Therefore 
even this sign cannot be used as an absolute indi- 
cation of an intramedullary process. 

In 10 cases of our series the more caudal 
segments were relatively less involved. In the 
7 cases of tumor of the cervical portion of the 
cord in which this phenomenon was present 
the upper limbs were the chief, or only, site of 
the sensory disturbance, the rest of the sensory 
loss being of a waistcoat type. The latter dis- 
tribution was also seen in 3 of the cases of 
thoracolumbar tumor. In spite of all the refer- 
ences to this point, the value and frequency of 
this distribution have probably been sufficiently 
emphasized only by Elsberg. 

It has been observed that intramedullary 
lesions do not form sharp sensory levels, while 
extramedullary lesions are characterized by a 
more distinct sensory level.** Kernohan, Wolt- 
man and Adson, in their review of 51 cases of 
intramedullary tumor, noted a difference in the 
sensory levels of the various modalities. In 6 of 
our cases of cervical tumor well defined sensory 
levels were demonstrated ; in only 1 instance was 
the level indefinite. All superficial modalities 
had the same level, the deep modalities usually 
being lost in the lower limbs or extending only 
as high as the iliac crest. 

In 8 of the 12 cases of thoracolumbar tumors 
sensory levels were present, with dissociation of 
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touch, temperature and pain sense in 4 of them, 
The level for pain and temperature sense was 
reliable in retrospect, being generally two or 
three segments lower than the level of the lesion, 
Here, position and vibration senses were lost or 
impaired to the same level as the superficial 
modalities in 6 of the 8 cases. In 1 case of tumor 
of the cauda equina a sharp level for all modal- 
ities was present at the twelfth dorsal segment. 

In summary, therefore, 15 of the 24 cases in 
which sensory disturbances were present gave 
evidence of a lesion at a more or less definite 
level, so that this finding is of little value in the 
differential diagnosis of extramedullary and 
intramedullary tumors of the cord. It should 
be noted that in the cases of cervical tumor in 
which definite sensory levels were present the 
motor impairment was less evident than in the 
other cases of cervical tumor. 

It has long been felt that the Brown-Séquard 
syndrome was characteristic of extramedullary 
tumor. Etsberg?® and  Jonesco- 
Sisesti ** all found that this syndrome favored 
the diagnosis of an extramedullary lesion. This 
syndrome, however, has been reported frequently 
in association with intramedullary tumors.®* In 


only 2 of our series of cases was a Brown- | 


Séquard picture present, and in both of these the 
cervical portion of the cord was involved. It thus 
appears that a Brown-Séquard syndrome is not 
as frequently associated with intramedullary as 
with extramedullary tumors ; however, the num- 
ber of cases of intramedullary tumor associated 
with this syndrome reported considerably dimin- 


ished the reliability of this sign as indicative of | 


extramedullary growth. 

The sensory sparing of the anogenital region 
was noted by Kernohan and associates * in over 
50 per cent of their cases of intramedullary 
tumor, a lower incidence than was encountered 
in their cases of extramedullary tumor. 
Walker noted no difference between intra- 
medullary and extramedullary neoplasms in the 
occurrence of this sign. In our series of 27 


cases sacral sparing was encountered only once, | 


with a tumor involving the lower cervical and 
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high thoracic areas. This is in accord with 
Elsberg’s *° observations. In addition, he cited 
many other investigators who noted sacral 
sparing in cases of compression of the cord from 
without.*° 

In 9 cases of cervical tumor there was altera- 
tion of vibration sense, in 6 of which position 
sense was also disturbed. The loss of position 
and vibration sense with ataxia was the most 
prominent feature of 1 case. In 10 cases of 
thoracolumbar tumor vibration sense was altered, 
and in 8 of these cases position sense was also 
modified. In none of our cases of caudal tumor 
was there deep sensory loss. In accord with the 
opinion expressed by Elsberg,”® the alteration 
of deep sensibilities was of no localizing value 
with respect to the level of the lesion, but we 
could not confirm his opinion as to the lateraliz- 
ing value of these changes. 

In summary the objective sensory changes 
with tumors of the caudal region were insignifi- 
cant and far out of proportion to the subjective 
sensory complaints. With tumors of the other 
regions in our series the sensory changes ap- 
peared to be significant and of great importance 
for accurate horizontal localization of the neo- 
plasm with respect to the spinal cord. With 
the reservations previously noted, the presence 
of a waistcoat type of sensory disturbance, or 
relatively greater alteration of sensation in the 
more proximal dermatomes, is indicative of an 
intramedullary process. Less reliable, but still 
of significance, is the dissociation of sensory 
loss; an indefinite level for sensory loss is of 
little practical importance in the localization of a 
spinal tumor within the substance of the cord. 
The presence of a Brown-Séquard syndrome 
may not be used to eliminate definitely the pos- 
sibility of a primary tumor of the spinal cord, 
and, contrary to the often expressed opinion, 
anogenital sparing does not appear to be char- 
acteristic of intramedullary tumors. 

Sphincter Disturbances. — Intramedullary 
tumor causes relatively early disturbance of 
sphincter function.*’ Young,°®* however, ex- 
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of Bladder Disturbances in New Growths of the Brain 
and Spinal Cord, Ann. Surg. 84:509, 1926. (b) Ras- 
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pressed the opinion that sphincter disturbance 
for the most part was a later symptom with both 
extramedullary and intramedullary tumors. 
Elsberg,** in a review of 82 cases of tumor of 
the spinal cord, showed that in only 60 per cent 
of 15 cases of intramedullary tumor, as com- 
pared with 80 per cent of 54 cases of extra- 
medullary growth, were there bladder distur- 
bances. Abrahamson and Climenko ** also ex- 
pressed the opinion that sphinter disturbances 
were less common in association with intra- 
medullary tumor. In 16 of our 27 cases symp- 
toms of sphincter disturbance were present. The 
average time of onset was eighteen months after 
the first symptom appeared, the average pre- 
hospital duration of symptoms being twenty-five 
months. Our cases indicate that alteration of 
sphincter control is a later manifestation of in- 
tramedullary tumor. 

In 6 of our 12 cases of cervical tumor there 
were sphincter disturbances, and in 2 other cases 
the patients complained of constipation without 
any other subjective or objective evidence of 
sphincter disorder. The average time of onset in 
these cases was thirteen months, with an average 
prehospital course of twenty months. Two 
women and 4 men composed this group of pa- 
tients with tumor of the cervical region, the 
women exhibiting incontinence of both bowel and 
bladder. For each of the 4 men the first com- 
plaint was difficulty in initiating the stream; 2 
had complete retention of urine while in the 
hospital. Two of the men were constipated. 

In 9 of the 12 cases of thoracic tumor distur- 
bances of the bowel or bladder were noted. The 
average time of onset was eighteen months, with 
an average prehospital duration of symptoms of 
twenty-four months. While this group of 12 
patients was composed of 7 men and 5 women, 
only 3 of the women and 6 of the men had this 
sphineter complication. The complaints were of 
dysuria, with actual retention in 6 patients. The 
remaining 3 patients had incontinence of urine 
and feces. 

In only 1 of the 3 cases of tumor of the cauda 
equina were sphincter changes present. This 
complication developed in the  thirty-second 
month of a total course of forty-one months prior 
to admission to the hospital, with retention and 
obstipation as the prominent symptoms. The 
tumor involved the conus as well as the cauda 
equina. However, in another case the tumor 
invaded the cord as high as the first lumbar seg- 
ment without producing bladder disturbances. 


88. Abrahamson, I., and Climenko, H.: Symptom- 


atology of Spinal Cord Tumors, J. A. M. A. 75:1126 
(Oct. 23) 1920. 
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Sexual incapacity was not noted in either in- 
stance. 

Elsberg concluded that the lower the location 
of the tumor in the spinal cord, the earlier and 
more frequent were the sphincter symptoms. 
Our observations are at variance with this state- 
ment in that we found, as may be seen in the 
preceding paragraphs, that the higher the tumor 
was located, the earlier were the changes in 
sphincter function. This is true in the absolute, 
but when the durations of all symptoms of 
tumors at various levels are compared, it is to 
be noted that the higher the location of the tumor, 
the shorter is its course. It is obvious therefore, 
that sphincter disturbances are of relatively no 
earlier appearance with neoplasm of the higher 
levels of the cord and that in general they appear 
in the final stages of the clinical course, whatever 
the level of the lesion. The evidence in our series 
appears to support the hypothesis that there is 
an increasing frequency of sphincter disturbances 
with tumors at lower levels. The incidence of 
sphincter disorders with tumors involving the 
thoracolumbar portion of the cord was one-third 
greater than that with tumors at the cervi- 
cal levels. Only 1 of the 3 tumors of the lumbar 
sac produced sphincter disturbances. That this is 
not unusual is shown in the large series of cases 
reported by Adson, Kernohan and Woltman,** 
who noted freedom from sphincter disturbances 
in two thirds of their 25 cases of glioma arising 
in the region of the cauda equina. Furthermore, 
Parker,**” in a report of 9 cases of tumor of the 
cauda equina, conus and epiconus, noted that 
sphincter disturbance was not always present 
with lesions of the conus and cauda equina, even 
though other symptoms were severe. 

The type of sphincter disturbance present in 
cases of intramedullary tumor indicates that the 
first symptom associated with tumors above the 
lumbosacral portion of the cord is usually 
dysuria, consisting of difficulty in starting the 
stream, followed by retention and, ultimately, by 
incontinence. Allen *¢ noted that the usual 
course of events with regard to tumors involving 
the cauda equina was frequency of urination pre- 


ceding retention, the latter being followed by in- . 


continence of overflow. With regard to the 
bowel, he noted that constipation preceded incon- 
tinence by a considerable interval. We can in 
general confirm these observations. 


Additional Signs.—Tenderness of the spinous 
process was concluded to be a sign of importance 
by Elsberg, who observed it with 50 per cent of 
extramedullary tumors, but found it associated 
also with intramedullary tumors. Jirasek, 1 
however, stated that this is a rare sign with either 
form and of no value in diagnosis. Foerster *** 


and Schlesinger ** noted spinal tenderness jn 
cases of extramedullary tumor, and de Sane. 
tis ©” observed that paraspinal tenderness was 
associated with intramedullary tumors. Abra- 
hamson and Climenko ** noted tenderness of the 
spinal column less frequently with intra- 
medullary than with extramedullary tumors, 
Tenderness of the spine is of frequent occurrence 
with tumors within the lumbar sac, and Kerno- 
han, Woltman and Adson,** noted it in 18 of 25 
cases of glioma involving the cauda equina, 
Parker *° observed it in 3 of 9 cases of tumor 
of the cauda equina, conus and epiconus. 
Vertebral tenderness was associated with 6 of 
our tumors. It was present with 2 tumors of the 
cervical region, with 3 tumors of the thoracic 
region and with 1 tumor of the cauda equina. 
Elsberg noted that the site of tenderness corre- 
sponds to the segmental level of the tumor in the 
cord and therefore is two or three vertebrae be- 
low the actual level of the lesion, an observa- 
tion which we can confirm in the cases of intra- 
medullary tumor. The second and/or third ver- 
tebrae below the tumor were tender in cases of 
tumor of the thoracic portion of the cord. How- 


ever, in 2 of these cases the intramedullary _ 


spread of the tumor extended actually to the 
vertebral level of the tenderness. 


of the tumor. In these cases the posterior roots 
as such were not involved, but the posterior 
root zones, within the cord, were heavily in- 
filtrated. 

Signs Referable to the Cranial Nerves.—These 
were frequent with tumors which extended as 
high as the second cervical segment. With 4 of 
5 such tumors signs referable to the cranial 
nerves were noted. Two other tumors, each of 
which extended only as high as the fourth cervi- 
cal segment, caused signs of involvement of the 
cranial nerves. The last cases were confirmed 
only by operation, and the possibility of high in- 
volvement of the cord was not excluded. 

In 2 instances unilateral facial weakness of 


slight degree was observed. Both Elsberg *° and | 
Kraus and Silverman °° noted this symptom. The — 
latter authors observed it with 7 of 10 tumors — 


of the cervical portion of the cord, and of these 
7 tumors, only 2 were intramedullary. They 


described the facial paresis as limited to the in- 
frabuccal group of muscles. They expressed the — 


89. Schlesinger,. H.: Extramedullarer Tumor (Endo- — 


theliom) durch Operation und Réntgenbehandlung 
gebessert, Wien. med. Wchnschr. 71:1974, 1921. 
90. Kraus, W. M., and Silverman, N. E.: Facial 


Paresis as a Manifestation of Tumors of the Upper — 
Half of the Cervical Spinal Cord, J. Neurol. & Psycho 


path. 7:132, 1926. 


As would be | 
expected, the tenderness associated with tumors 
of the cervical portion was directly over the site | 
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belief that interference in a reflex pathway from 
the cervical segments passing upward, and re- 
lated to the seventh nerve, was its most likely 
cause. 

Horner’s syndrome was noted in 5 cases, but 
in no case did the tumor producing it extend 
below the sixth cervical segment. In each of 
these instances other cranial nerve signs were 
present. Twice an associated nystagmus was 
observed as the only other symptom referable to 
the cranial nerves. Craig and Sheldon ** stated 
that the Horner syndrome was an infrequent sign 
in cases of tumor of the cervical portion of the 
cord, both intramedullary and extramedullary, 
and was of no help in diagnosis. In reported 
instances of intramedullary tumor associated 
with this syndrome the spread in the spinal cord 
was diffuse.**’ In 1 of these cases *'” the pupils 
were unequal and irregular and failed to react to 
light. Lindemann * reported bilateral ptosis in 
a case of intramedullary tumor extending from 
the third to the seventh cervical segment, the 
major involvement occurring from the third to 
the fifth cervical segment. 

The corneal reflex was lost in 2 cases, the loss 
being bilateral in 1 instance. In both cases a 
Horner syndrome was observed, and in neither 
of them was the fifth nerve disturbed in any other 
respect. Elsberg *° noted hyperesthesia of the 
cornea in 1 case and diminution of sensation in 
the trigeminal area in another. He and Strauss *™ 
expressed the belief that disturbances of the fifth 
nerve indicate extension of the growth into the 
posterior fossa. In 1 of our cases with absence 
of the corneal reflex invasion of the posterior 
fossa had occurred. 

The tongue was involved in 4 cases in our 
series. The disturbance consisted of weakness 
in 3 instances, accompanied by atrophy in 1 case 
and tremor in another. Elsberg did not encoun- 
ter this sign in his series and stated he found in 
the literature only 1 case of a tumor of the 
upper cervical region of the cord with symptoms 
referable to the hypoglossal nerve, that of Gard- 
ner (1938). Allen ** reported a case of glioma 
of the cervical portion of the cord (second seg- 
ment) with deviation of the tongue. 

Nystagmus was observed twice, being hori- 
zontal in both instances. Hoff and Potzl * re- 


91. (a) van der Horst, L., and van Hasselt, J. A.: 
Syringomyelie oder Tumor medullae, Deutsche Ztschr. 
f. Nervenh. 133:129, 1934. (b) Barre, J. A.; Kabaker, 
J., and Dhauteville: Troubles pupillaires et affection ‘de 
la moelle cervicale, Rev. neurol. 69:684, 1938. (c) 
Guillain, Bertrand and Garcin.44 (d) Saucier and 
Trepagnier.85b 

92. Hoff, H., and Pétzl, O.: Ueber Nystagmus bei 


Tumoren in der Héhe des Dorsalmarks, Med. Klin. 33: 
598, 1937, 


ported spontaneous nystagmus in only 1 of 7 
cases of tumor involving the cervical portion but 
found it in 3 of 6 cases of tumor of the thoracic 
portion. Papilledema has been recorded fre- 
quently, especially in association with cervical 
tumor.** It appeared logical to us, in searching 
for an explanation of symptoms of involvement 
of the cranial nerves associated with intra- 
medullary tumors of the spinal cord, to ascribe 
them to extension of the tumor to the medulla. 
Unfortunately, not enough of the necropsy ma- 
terial was available for us to confirm this impres- 
sion. The absence of involvement of the cranial 
nerve with nuclei high up in the brain stem 
(even the fifth and seventh nerves were only 
infrequently and partially involved) adds confir- 
mation to this opinion. Schlesinger ** expressed 
the belief that symptoms of cranial nerve dis- 
turbance were due to edema of the medulla. 
This would explain their occurrence with extra- 
medullary, as well as with intramedullary, 
lesions. 

In the articles cited, the statistics were gath- 
ered for the most part from series containing 
both extramedullary and intramedullary tumors, 
the former of which far outweighed the latter. 
Consequently, signs referable to the cranial nerves 
were noted as “rarely present,” in contrast to our 
experience in the series reported here. 

Sympathicoautonomic Symptoms—In 2 in- 
stances edema of the lower extremities was 
associated with tumors located in the ninth to 
the eleventh thoracic segment and in the first 
and second lumbar segments respectivcely. In 1 
case the edema was recurrent; there was no evi- 
dence of cardiovascular impairment in either case. 
Abnormal sweating limited to the dermatomes 
innervated by the damaged segments of the cord 
was noted twice, in both cases the tumor being in 
the upper thoracic segments. In 1 of these 
cases persistent palpitation was also present. The 
attempt to elicit perspiration in a case in which 
an intramedullary tumor was later proved to 
extend from the second to the seventh dorsal 
segment revealed impaired sweating below the 


93. Nonne: Ueber einen Fall von intramedullarem 
ascendirenden Sarcom sowie drei Falle von Zerstérung 
des Halsmarks; weitere Beitrage zur Lehre vom 
Verhalten der Sehnenreflexe bei hoher Querlasion des 
Riickenmarks, Arch. f. Psychiat. 83:393, 1900. Taylor, 
J., and Collier, J.: The Occurrence of Optic Neuritis 


in Lesions of the Spinal Cord, Brain 24:532, 1901. 


McAlpine, D.: Papilledema Caused by a Cervical Cord 
Tumor, Lancet 2:614, 1935. Weinberg, M. H.: Two 
Cases of Spinal Cord Tumor at Foramen Magnum, 
Confinia neurol. 2:292, 1939. Arcé and Balado.?f 
Kernohan, Woltman and Adson.*@ Wilson.6 Elsberg.?° 
Browder.?4> 
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level of the third lumbar segment. There was 
no abnormal sweating on the face associated 
with the Horner syndrome in our cases. 
Weaver *** reported a case of abnormal per- 
spiration on the face in a case of glioma 
infiltrating the sixth cervical to the third thoracic 
segment, without any other evidence of the 
Horner complex. 

In 1 case there was a notable vasomotor re- 
sponse to pinprick over the lower portion of the 
abdomen.®® The lesion here involved the third 
and fourth lumbar segments. 


CLINICAL PATHOLOGIC STUDIES 

Manometric Studies.—In 25 cases in our series 
careful manometric studies were made. Of these, 
complete block was shown in 13, while partial 
block of the spinal subarachnoid space appeared 
on jugular compression in 8. In all 4 cases with 
normal cerebrospinal fluid dynamics the thoraco- 
lumbar portion of the cord was involved. There 
was no apparent relation between the severity of 
the clinical involvement and the degree of alter- 
ation of the cerebrospinal dynamics. The fre- 
quency of occurrence of complete block in our 
series of cases nullifies the value of this observa- 
tion as a point in the differential diagnosis of 
extramedullary and intramedullary tumors. 
Other studies indicate that the frequencies of 
complete and partial block with intramedullary 
and with extramedullary tumors are the same.*® 


Studies of the Spinal Fluid—The most fre- 
quent abnormality of the spinal fluid was an in- 
crease in total protein, the highest value being 
associated with tumors having the greatest longi- 
tudinal extent. As a group, the tumors of the 
cervical part of the cord showed consistently 
higher protein values than those of the thoraco- 
lumbar region. The average value for the 
cervical tumors was 388 mg., with a range of 59 to 
1,200 mg. per hundred cubic centimeters, all but 


one value being over 120 mg. ‘The aver- 
age value for the thoracolumbar tumors 
was 140 mg., with a range of 27 to 
590 mg. per hundred cubic centimeters. 


Without the extreme figure of 590 mg., the 
average for the remaining tumors was 65 mg. 
In the 1 case of a caudal tumor in which the total 
protein was determined, the value was over 500 
mg. per hundred cubic centimeters. Elsberg *™ 
remarked that high values for the total protein 
(300 to 600 mg. per hundred cubic centimeters ) 
are more frequent with intramedullary tumors 


95. Fay, T.: Vasomotor and Pilomotor Manifesta- 
tions: Their Localizing Value in Tumors and Lesions 
of Spinal Cord, Arch. Neurol. & Psychiat. 19:31 (Jan.) 
1928. 
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and tumors of the cauda equina than with extra. _ 
medullary tumors. Bunts'* found that the | 
average value for total protein in cases of intra. 
medullary tumor (35 mg. per hundred cubic 
centimeters) was lower than in cases of other 
spinal tumors (141 mg. per hundred cubic centj- 
meters), and that the amount of total protein in 
the spinal fluid bore no relation to the color of 
the fluid, the level of the tumor or the degree of 
subarachnoid block. Wilson ® also observed that 
the position of the tumor had no effect on the 
value for protein and that, in general, significant 
increases of the total protein do not occur with 
intramedullary tumors. 

The cell count of the spinal fluid was con- 
sistently normal in most of our cases. In a case of 
cervical tumor the cell count was 220, and ina 
case of thoracic tumor it was 23, per cubic milli- 
meter. In 12 of the 19 cases in which sufficient 
data were recorded, cytoalbuminuric dissociation 
existed (in 7 of the 9 cases of cervical tumor, in 
4 of the 9 cases of thoracolumbar tumor and in 
the 1 case of tumor of the cauda equina). Els. 
berg *° stated that while xanthochromia is rare, 
increased protein with pleocytosis is more com- 
mon with intramedullary tumors. All other 
authors agreed that the cell count is normal with 
intramedullary, as well as with other, tumors of 
the spinal cord. 

Abrahamson and Climenko and Wilson‘ 
stated that xanthochromia is rarely associated 
with intramedullary tumor. On the other hand, 
Kernohan, Woltman and Adson * and Elsberg* 
showed that xanthochromia is of about equal 
occurrence with intramedullary and extramedul- 
lary tumors. In our series, 12 instances of 
xanthochromia were recorded. The highest pro- 
tein values were consistently associated with 
xanthochromia. Six of these cases were instances 
of tumor of the cervical portion of the cord, and 
4 were instances of tumor in the thoracolumbar 
region. In 2 cases of tumor involving the cauda 
equina there was xanthochromia. Of the 10 
cases of tumor of the cervical or thoracolumbar 
region of the cord with xanthochromia, complete 
subarachnoid block was present in 7 and partial 
block in 2. In 1 case the cerebrospinal manomet- | 
ric data were normal. | 

In 8 cases involving the cervical or the thoraco- 
lumber region of the cord the spinal fluid was} 
colorless. In 3 of these cases there was complete | 


block, even with studies with iodized poppyseed 
oil, and in 1 case a partial subarachnoid block | 
existed. The protein level in the cases with 
colorless spinal fluid was considerably less that 
that in the cases with xanthochromia, but pd 
values were well above normal, especially with 
tumors of the cervical portion of the cord 
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ith extra. Xanthochromia, therefore, is more common in 
that the | cases with subarachnoid block and is of common 
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manometric pressure to be normal. Such an 
instance has previously been reported.®® In 


Of intra. | gccurrence with intramedullary tumor of the another case the Queckenstedt test revealed only 
red cubic spinal cord. a partial subarachnoid block. 
| of other Roentgenographic Examinations. — Twenty- In 9 instances partial subarachnoid block was 
bic Cent: } four of the 26 flat plate examinations of the diagnosed by means of iodized poppyseed oil. 
protein in spine revealed nothing significant. In the case In 3 cases the typical picture of intramedullary 
COM ia high cervical astrocytoma which invaded the tumor was presented : a partial block with lateral 
significant of a vertebral lamina. “A suspicious shadow in 
ccur with | the region of the first to the third thoracic ver- 
a ae . and do not occlude the subarachnoid space along 
tebra on the left side’’ was the report in a case ‘ 

f cystic intramedullary glioma which infiltrated the cative extent oF 
was con} % CY partial block had the appearance of arachnoiditis, 
nacaseo| the first to the fifth thorac . and in 2 cases it was diagnosed as a filling defect, 
and ina Dyke * stated that intramedullary tumors, typical of tumor of the spinal cord. 
| sufficient the adjacent parts of the spine only in rare cases of intramedullary tumor gives positive 
issociation | instances. The ependymoma, he reported, causes evidence of the presence of a tumor only in the 
tumor, in| bony changes in a higher percentage of cases. ;arest instances, and iodized poppyseed oil used 
or and in| The posterior margin of the bodies of several as a contrast medium in the subarachnoid space 
na). Els vertebrae are concave, due to pressure necrosis; gives evidence in practically every case of a 
ia is rare,| the pedicle of the vertebrae are flattened, and  gpace-taking lesion but is only occasionally of 
nore com-| the interpedicular distances are increased over help in diagnosis of the lesion as intramedullary. 
All other| ‘Several segments. He emphasized that the en- 

‘rmal with | ('afgement of the spinal canal, with erosion of DIAGNOSIS 
tumors of} ™22Y pedicles and the posterior margin of several The establishment of the diagnosis of an 
vertebrae in the lumbar area, is indicative of an jntramedullary tumor of the spinal cord seems in 
Wilson‘ ependymoma of the conus medullaris or the many ways academic, since, regardless of the 
| e filum terminale. In the 2 instances of this tumor preoperative impression, laminectomy and ex- 
ther baal ploration will be performed once the diagnosis 
Elsberg” these ofa tumor of the spinal cord has been established. 
<tramedul- in belly 3 of the 24 cases of intramedullary vat 
stances of (12.5 per cent) The history of complaints is usually long, for 
ighest pro-) the foentgenograms in 21 per cent = 
ated with} of cases of extramedullar tumor and 491 r cent ~ 
e instances} of cases of extradural pee ne “a giving rise to symptoms. The length of the clini- 
cord, and Sixteen of the cases in our vere studied 
‘acolumbat} by means of myelo tween limits of Six weeks to seventeen years. 
the It is difficult to give an accurate estimate of the 
‘acolumbat | of the column of oil in the 
1, completé} In 1 of these cases, that of an in- 
te Ou lents, ferentiated from the extramedullary type. 
| ) ueckenstedt test indicated the spinal The onset of symptoms conforms to no uni- 
he thoraco- 97. Elsberg, C. A., and Dyke, C. G.: The Diagnosis form pattern. In i surprising number of Caer 
“fluid was | 2% Localization of Tumors of the Spinal Cord by the onset is with pain; in others paresthesias 


is complete 


Means of Measurements Made on the X-Ray Films of 
the Vertebrae and the Correlation of Clinical and 


appear first; in still others, motor weakness is 


the initial symptom, and in rare i 

poppyseed X-Ray Findings, Bull. Neurol. Inst., New York 3:359, 
noid block” 1934. Dyke, C. G., in Elsberg.2° 99. Coste, F., and Haguenau, J.: Discordance du 
cases with, — 98 Camp, J. D.; Adson, A. W., and Shugrue, J. J.:  lipiodiagnostic sous-arachnoidien et de la manoeuvre 
y less than i Roentgenologic Findings Associated with Tumors of de Queckenstedt dans un cas de tumeur médullaire, Rev. 
4 but the | the Spinal Column, Spinal Cord and Associated Tissues, nturol. 64:145, 1935. 

: s; tly. with Am. J. Cancer 17:348, 1933. Camp, J. D:* “The 100. Walker, A. E.; Jessico, C. M., and Marcovich, 
“a y «oll Roentgenologic Localization of Tumors Affecting the A. W.: Myelographic Diagnosis of Intramedullary 
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Spinal Cord, Am. J. Roentgenol. 40:540, 1938. 


©pinal Cord Tumors, Am. J. Roentgenol. 45:321, 1941. 
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onset is with sphincter disturbance. Once symp- 
toms have developed they are likely to progress 
steadily, but remission of symptoms is not un- 
known and may be seen not infrequently in a 
large series of cases. 

The pain encountered with intramedullary 
gliomas may be of several varieties. Typical root 
pain is not unusual and may be indistinguishable 
from that of extramedullary tumor. It may 
usher in the disease, appear within one or two 
months after the onset of symptoms or develop 
late in the course of the illness. In our series 
of cases it was a first symptom in a surprising 
number of instances. On the other hand, it may 
conform to the features of so-called tract pain, 
in which case it is apt to be diffuse, is often re- 
ferred to areas distant from the level of the 
tumor and is described as a burning or boring 
sensation, conforming neither to radicular nor 
to peripheral distribution. In some instances 
anesthesia dolorosa is present. In many cases 
spinal pain is encountered. This is generally 
a dull, aching soreness of the muscles of the back, 
usually influenced by posture. 

Associated with the history of pain is that of 
paresthesias, though the latter may precede the 
pain and in some instances usher in the disease. 
Once these disturbances appear, they are apt to 
be both persistent and progressive, and they are 
so variously described as to merit no account- 
ing of their many manifestations. They are pres- 
ent in segments of the body corresponding to 
the level of the tumor, but it is not unusual to 
‘encounter them at levels well below the location 
of the lesion. 

_ Motor symptoms may usher in the picture in 
many instances. In one third of our series of 
cases they were the first symptom, and in the 
cases in which they were preceded by pain or 
paresthesias they developed within a short time 
after the initiation of the clinical picture, the 
period being eight to ten months for cervical and 
thoracic tumors. Once the motor symptoms 
appear, they tend to be progressive. The motor 
changes depend on the level of the infiltrating 
tumor, its longitudinal and horizontal extent 
through the spinal cord, the degree of blockage 
of the subarachnoid space and the rapidity of 
growth on the motor side. With tumors of the 
cervical portion of the cord an amyotrophic syn- 
drome is likely to develop, with combined involve- 
ment of the anterior horns and the pyramidal 
pathways; with thoracic and lumbar gliomas, 
on the other hand, spastic weakness of the limbs 
usually develops. Sensory examination discloses 
usually a well defined level though some authors 
have claimed that it is not present as a rule. 
This is more apt to involve superficial than deep 
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sensation, though all forms of sensation may be 
affected. The sensory level as a rule is sharp, 
though it may be ill defined. Since the tumor 
grows within the spinal cord, the observation 
that the lowermost segments are spared, or are 
less affected than those at the level of the tumor, 
is an important feature. A Brown-Séquard syn- 
drome is encountered at times, and anogenital 
sparing is common. 

Sphincter disturbances are likely to be late 
in the course of intramedullary tumors and by 
no means appear in every case (60 per cent), 
An early incidence is well known, however, 
and in rare instances sphincter trouble ushers in 
the clinical picture. 

Tenderness of the spine may be present. Signs 
of disturbance of the cranial nerves are some- 
times encountered, especially with tumors of 
the cervical region. 

Manometric studies show a high frequency 
of subarachnoid block, which may be complete or 
partial, but in some instances they give normal 
results. The total protein may be increased or 
normal. When increased, it appears to be highest 
with infiltrating tumors of the cervical region. 
It is often increased without corresponding 
pleocytosis. 

The main problem in the differential diagnosis 
of an infiltrating glioma of the cord is concerned 
with its separation from extramedullary tumors 
and from other intramedullary processes, such 
as degenerative or inflammatory diseases of 
various sorts. A study of the many contribu- 
tions concerned with intramedullary gliomas 
indicates that the clinical picture of intramedul- 
fary and that of extramedullary tumors are 
much the same and that the several points urged 
in differentiation of the two conditions are only 
relatively significant. Despite this, the distinction 
clinically between an extramedullary and an 
intramedullary tumor of the spinal cord is not 
difficult. In the first place, the chances favor the 
former by far, since extramedullary tumors 
far outnumber infiltrating neoplasms of the cord. 
Moreover, the onset of a tumor of the spinal 
cord with root pain favors distinctly a diagnosis 
of extramedullary growth, despite the fact that 
intramedullary tumor is not infrequently asso- 
ciated with radicular pain. The progression of 
the disease seems of doubtful value in differentia- 
tion, since the progress is steady in both con- 
ditions, though it is apt to be slower with the 
extramedullary type. Great variation of opinion 
exists concerning this particular point, however, 
and there is, therefore, no consistent indication 
that intramedullary tumors are of slower growth 
than extramedullary tumors. The pattern of 
motor paralysis is likely to be the same with both 
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types. The observation that the sensory level 
is more indistinct with the intramedullary type 
is balanced by so many instances in which the 
level is sharp and definite that it has only rela- 
tive value. An indistinct sensory level is apt 
to favor an intramedullary tumor, but this is 
true only within wide limits, since extramedullary 
tumor may be associated with such a level, and 
both types may have a sharp level. Dissociation 
of sensation is more characteristic of the intra- 
medullary tumors. The most distinctive feature 
of an intramedullary growth is a greater dis- 
turbance of sensation in proximal segments than 
in more distal segments. The Brown-Séquard 
syndrome, on the other hand, favors the diagnosis 


of extramedullary tumor, though it may be found 
with the intramedullary type. A complete sub- 
arachnoid block favors an extramedullary tumor, 
but complete block is found also with a not in- 
considerable number of intramedullary tumors. 

The differentiation of an infiltrating glioma of 
the spinal cord and other intramedullary pro- 
cesses sometimes presents difficulties. Generally 
speaking, a progressive history of disability 
favors a tumor, but such progression is found at 
times in other conditions. Subarachnoid block is 
usually sufficient to establish a diagnosis of tumor 
but may be found in other conditions. 


416 South Forty-Ninth Street. 
111 North Forty-Ninth Street. 
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EFFECTS OF STIMULATION AND LESION 
LONGITUDINAL FASCICULUS IN THE 


M. B. BENDER, M._.D., 


NEW 


Anatomically, the median longitudinal fascicu- 
lus, or the posterior longitudinal bundle, is com- 
posed of fibers which arise largely from the ves- 
tibular nuclei. According to Papez, the mesial 
portion of the fasciculus contains fibers which 
originate in the opposite triangular, or medial, 
vestibular nucleus and cross the midline at the 
level of the genu of the facial nerve. The 
lateral horn of the median longitudinal fasciculus 
has fibers which originate in the ipsilateral 
superior vestibular nucleus. These crossed and 
direct vestibulomesencephalic tracts ascend in 
the bundle to make connections with the nuclei 
controlling the oculomotor muscles. The median 
longitudinal fasciculus also contains descending 
fibers (a) in the crossed tract, which originates 
in the contralateral descending vestibular nucleus, 
and (b) in the direct tract, the axons of which 
are contributed by the reticular nuclei in the pons 
and medulla.’ 

The exact function of each tract is not clearly 
understood, but since the vestibular apparatus 
is known to influence the movements and tonus 
of muscles of the eyes and neck, it is generally as- 
sumed that the median longitudinal fasciculus 
conducts impulses between the nuclei. In 1880, 
Duval and Laborde stimulated the nucleus of 
the abducens nerve in cats, dogs and monkeys 
and obtained conjugate deviation of the eyes to 
the same side. They concluded that the fibers from 
this nucleus contribute to the median longitudinal 
fasciculus and ascend to connect with the oculo- 
motor nucleus. However, their work was criti- 
cized by van der Schueren* and Kidd * on the 


This work was aided in part by a grant from the 
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ground that the effects obtained were due to 
stimulation of the ascending vestibulomesen- 
cephalic tracts in the median longitudinal fascicu- 
lus. Muskens,°® in the experiments with cats re- 
ported that lesions in either the crossed or the di- 
rect vestibulomesencephalic tract produced circus 
movements to the side of the lesion. Scala and 
Spiegel,® working with cats, found that stimula- 
tion of the median longitudinal fasciculus with 
unipolar faradic current produced contraction of 
the opposite internal rectus muscle. 

All these authors, however, were handicapped 
by lack of fine stimulating currents, electrodes 
and apparatus which would locate the exact struc- 
ture to be investigated. The brain stem contains 
many compact fiber tracts localized to small areas, 
which are frequently adjacent to other bundles and 
nuclei with totally different functions. For this 
reason, it has often been difficult to analyze the 
effects of stimulation or destruction of pathways 
or cells in the midbrain, pons and medulla. With 
the aid of the Horsley-Clark apparatus, fine bi- 
polar electrodes and a thyratron stimulator, the 
aforementioned handicaps may be overcome, and 
one may learn the function of some of the fiber 
tracts of the median longitudinal fasciculus. We 
made a study of this structure in a series of 35 
monkeys. 

METHOD 

The method employed in this investigation was almost 
the same as that described in previous communications 7 
except that in some instances the animal was suspended 
in the Horsley-Clarke apparatus so that turning move- 


ments of the head and trunk could be observed. Hun- 
dreds of electric stimulations were carried out with 
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fine bipolar needle electrodes in the horizontal and 
vertical planes of the stereotaxic instrument at intervals 
of 1 to 0.5 mm. The animal was kept under light anes- 
thesia induced with pentobarbital sodium or ethyl car- 
bamate administered intravenously. The anesthesia was 
renewed during the procedure only when necessary, so 
that often the animal was practically awake. All needle 
tracts were studied histologically, and the vertical and 
horizontal tracts served as a check on one another and 
helped to determine the exact point of stimulation. In 
several monkeys, small electrolytic lesions were made 
at designated points in the course of stimulation. The 
coagulating current applied was 2 to 3 milliamperes for 
twenty to sixty second intervals, the strength depending 
on the size of the lesion desired. The monkey was then 
observed neurologically for varying periods. Barany 
turning and caloric tests were made. Special attention 
was paid to the ocular movements and to body postures. 


RESULTS 


Effects of Stimulation—Because of the cen- 
tral position and minuteness of the median longi- 
tudinal fasciculus, it was difficult to stimulate 
the mesial fibers without irritating adjacent 
structures, such as the opposite median longi- 
tudinal fasciculus, the genu facialis, or the tecto- 
spinal or vestibulospinal tract. With increase in 
the current at any one stimulating focus in our 
exploration, additional or more elaborate reac- 
tions appeared. The primary response on stimu- 
lation of the mesial fibers of the median longi- 
tudinal fasciculus was adduction of the contra- 
lateral eye. With slightly greater voltage there 
was contraction of the ipsilateral facial muscles, 
adduction of both eyes or conjugate deviation of 
the eyes, head turning and body torsion move- 
ments. The last-mentioned response seemed 
attributable to stimulation of the tectospinal tract 
(tables and protocol). The most consistent re- 
action, however, was contraction of the internal 
rectus muscle on the side opposite the stimulated 
fibers of the median longitudinal fasciculus. The 
reactive area for this response extended from the 
level of the vestibular nucleus to that of the 
nucleus of the trochlear nerve. However, the 
best reactive foci were noted in the mesial fibers 
of the median longitudinal fasciculus at the level 
of the genu facialis, extending rostrally for 2 min. 
Beyond this zone, the adduction of the contralat- 
eral eye was usually masked by other ocular 
movements, such as ipsilateral conjugate devia- 
tion or torsion due to action of the trochlear 
nerve. Stimulations were made along the verti- 
cal and horizontal coordinates. These yielded a 


series of pattern reactions, which were charac- 
teristic for different levels (tables and protocol). 

Not infrequently, the contralateral adduction 
was the first sign of ipsilateral conjugate devia- 
tion of the eyes, the contraction of the ipsilateral 
external rectus muscle appearing several seconds 
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later. Head turning appeared only after stonger 
currents were applied. It never preceded the 
contralateral adduction or conjugate deviation 
elicited on stimulation of other structures, such 
as the cerebellum, the brachium conjunctivum, 
the tectum, the vestibular nuclei or the reticular 
fiber pathways. 


Effects of Lesion.—An electrolytic lesion was 
made with a coagulation current of 3 milliamperes 
applied for thirty seconds at the focus which on 
stimulation with miminal voltage yielded con- 
tralateral adduction of the eye (tables 1 and 2). 
This operation was performed with sterile tech- 
nic, and the monkey was allowed to recover. 
Subsequent examination revealed an enduring 
bilateral paralysis of ocular adduction, more pro- 
nounced on the side opposite the lesion. This 
lasted over ten days, subsequently changing to a 
paresis of many months’ duration. In the early 
postoperative period there were monocular 
nystagmus in the abducted eye on horizontal gaze 
and some nystagmus on vertical gaze (protocol). 
This syndrome was identical with that described 
in man. The ability to converge was intact. 
Vestibular function was also preserved, but the 
paralysis of the rectus internus muscle became 
conspicuous during the conjugate deviations and 
nystagmoid movements induced by rotatory and 
caloric stimulation. 

A strictly unilateral electrolytic lesion, impli- 
cating only the mesial fibers of one median longi- 
tudinal fasciculus, was not accomplished. In- 
variably the lesion extended slightly beyond the 
midline to implicate the adjacent median longi- 
tudinal fasciculus. The net result was practically 
bilateral destruction of the mesial fibers of both 
fascicull. 


Notes on the progress of responses after an experi- 
mental lesion of the brain stem of the monkey, data on 
which appear in table 1, are given in the following 
protocol : 

May 4, 1942: Horizontal needle tract exploration of 
the brain stem and stimulation of the median longi- 
tudinal fasciculus yielded adduction of both eyes (table 
1). An electrolytic lesion was made with a coagulation 
current of 3 milliamperes applied for thirty seconds. 

May 5: The monkey is alert. The eyes are divergent. 
There is bilateral paralysis of adduction. On right 
lateral gaze, the right eye abducts and shows a slow, 
coarse nystagmus; the left eye moves only to the mid- 
position. On left lateral gaze, the left eye abducts com- 
pletely, but the right eye moves only to the midposition. 
There is vertical nystagmus when the monkey looks up 
or down. The monkey runs well on all four extremities. 
Placing and hopping reactions are normal. There is no 
ataxia, veering or deviation of the head. 

Barany Turning Tests (monkey in the erect position) : 
(a) Clockwise rotation produces a slow, coarse hori- 
zontal nystagmus, with the quick component to the left. 
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The nystagmus is more pronounced in the left eye. The 
head and the left eye deviate to the left, but the right 
eye does not move past the midplane. This brings out 
the paralysis of adduction in the right eye. 

(b) Counterclockwise rotation produces only a slight 
nystagmus, with the quick component to the right. 
However, the eyes do not move to the right. The right 
eye is in midposition, and the left eye is abducted. 
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May 11: Vertical nystagmus has disappeared. Bilat- 
eral palsy of adduction and monocular nystagmus are 
present. 

May 12: Barany turning tests reveal normal responses 
except for bilateral paralysis of adduction and monocular 
(greater) nystagmus in the abducted eye. 

May 15: The palsy of adduction is decreasing. The 
eyes are divergent at rest. On left lateral gaze, the left 


Taste 1—Horizontal Stimulation Tract in Brain Stem of a Monkey (H—7.5; L0.3*) 


At V3 Responses Anatomie Point of Stimulation 
—10.0 60 None Cerebellum 
—9.0 46 None Cerebellum 
— 8.0 46 None Cerebellum 
—70 46 None Cerebellum 
—60 40 Movement of right upper arm to body and back; flexion Cerebellum; cortex of anterior part of vermis 
at right elbow (lingula) 
— 5.0 58 = vermicular movements of entire right side of Floor of fourth ventricle superior to abducens nuclei 
ace 
— 4.0 34 Twitchings in right lid Gray matter overlying genu facialis 
37 Contraction in right upper part of face and lid (ver- 
micular), including scalp and platysma muscle 
52 Bilateral adduction of eyes, more of left than of right 
— 3.0 20 Contraction of right upper part of face, lid and ear Between facial genua, overlying median longitudinal 


31 Marked contraction of entire right side of face 
45 Twisting of trunk to right; elevation of left knee; bilat- 
eral adduction of eyes 


fasciculus, to left more than to right 


Marked and violent elevation of trunk, with some devia- 
tion to the right; adduction of right eye and slight 
adduction of left eye (17.5 volts) 

21 Excellent bilateral adduction, more of right eye than of 

left; slight contraction of entire right side of face; 

elevation of right shoulder with thrusting to right; 
drawing up of lower limbs 


Mesial half of each median longitudinal fasciclus, to 
left a than to right, overlying tectospinal 
tracts 


— 2.0 15.5 Bilateral adduction, of right eye more than of left: Mesial and ventral portions of each median longi- 
marked and violent elevation of trunk, with turning tudinal fasciculus and dorsal part of tectospinal 
and rotation to right tract 

16.0 Elevation of both shoulders in addition to movements 
noted with 15.5 volts 
—10 17.5 Bilateral adduction Tectospinal tract just ventral to the median longi- 
25.0 Elevation of trunk and shoulder tudinal fasciculus; reticulospinal fibers 
27.5 Elevation of base of tongue, palate and mylohyoid mus- 
cle; protrusion of tongue (part of swallowing complex) 
31.0 Dilation of both pupils and elevation of both lids; con- 
traction of right side of face, tending to counteract 
elevation of right lid; pursing of lower lip 
0 18.0 Adduction of both eyes Transition between tectospinal and reticulospinal 
38.0 Arching of back; marked dilation of both pupils: eleva- tract 
tion of both lids, and movement of right side of face 
46.0 Elevation of base of tongue, mylohyoid muscle and 
palate 
+1.0 %60 Upward rotation of both eyeballs; dilation of both pupils Reticulospinal tract, adjacent to rubroreticular tract 
43.0 Contraction of right side of face and reticular nucleus 
31.0 Humping of base of tongue; elevation of palate; cessa- 
tion of respiration in inspiration 
37.0 Protrusion of tongue and pursing of lower lip 


* L followed by a numeral indicates the number of millimeters to the left of the midsagittal plane (LO), and H (dorsoventral 
ane CHO} on the Horsley-Clarke instrument) with a numeral, the number of millimeters above (+) or below (—) the horizontal 
ane (H0). ° 
+ A (caudorostral coordinate on the Horsley-Clarke instrument) with a numeral indicates the number of millimeters posterior 
to (—) or anterior to (+) the interaural plane. 
t In this table, and in table 2, V indicates voltage necessary to produce effect in the corresponding column. Frequency and 
other factors relating to current were kept constant. 


When the effects of vestibular stimulation have worn eye abducts and shows slight monocular nystagmus, and 


off, the eyes move in a dissociated manner when gazing 
to the right; that is, the right eye abducts with nystag- 
mus, and the left eye moves to the midline. 

May 6: The status is unchanged. 

May 7: The eyes remain divergent. Monocular 
nystagmus persists, and vertical nystagmus is decreasing. 

May 8: The status is unchanged. 

May 9: Vertical nystagmus is less pronounced. The 
status is unchanged. 


the right eye adducts slightly past the midline. On right 
lateral gaze, the right eye abducts and shows monocular 
nystagmus, while the left eye adducts almost to the 
inner canthus. 

May 18: Bilateral paresis of adduction. 

May 27: Bilateral paresis of adduction. Barany tests 
accentuate this paresis. 

June 24: The eyes are divergent at rest. Bilateral 
paresis of adduction is more pronounced in the left eye. 
Barany turning tests disclose these defects. 
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July 9: The status is unchanged. 

August 21: The status is unchanged. Barany turning 
tests reveal the bilateral paresis of adduction, with the 
greater nystagmus in the abducted eye. 

Feb. 10, 1943: Paresis of adduction is slight but much 
more apparent during the ocular deviations produced by 
the turning tests. 
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the posterior commissure; the superior and inferior 
colliculi; the gray matter at the transition from the 
aqueduct of Sylvius to the fourth ventricle; the brachium 
conjunctivum ; the roots of the fourth nerve; the medial 
longitudinal fasciculus, just rostral to the genu facialis 
inferior, the abducens nucleus, the olivary nucleus and 
the pyramid. 


TaB_e 2.—V’ertical Stimulation Tract in Brain Stem of a Monkey 


H* Vv Response 
—50 17.0 Closure of lower jaw, with deviation to right; contrac- 
tion only of left masseter muscle : 

21.0 Right fourth nerve effect (intorsion) 

21.5 Bilateral fourth nerve effect (reaction of right nerve 
delayed) 

25.5 In addition to responses to stimulation with 21.5 volts, 
delayed adduction of both eyes; more prompt adduc- 
tion with increased frequency 

37.0 Pronounced delay in adduction 

50.0 Contraction of right side of face of tetanoid character 

52.0 Slow elevation of both upper arms (deltoid action); 
convergence most pronounced and fourth nerve effect 
comparatively less conspicuous 

— 5.7 27.0 Prompt bilateral adduction (convergence), of right eye 
more than of left; closure of jaw, contraction of left 
masseter muscle; tetanoid vermicular movements of 
right side of face : 

— 6.0 25.5 Slight adduction of right eye 

26.0 Adduction of both eyes, with increased current facial and 
jaw movements 

—65 180 Slight adduction of right eye 

18.5 In addition to adduction of right eye, some adduction of 
left eye and contraction of both sides of face, more of 
right than of left; action purely of internal] rectus mus- 
cle with eyes in horizontal meridian; eyes rolling up to 
horizontal meridian, with action of internal rectus 
muscle, on monkey’s looking down 

35.5 Strong bilateral adduction and bilateral facial contrac- 
tion, including platysma muscle and ear, more on right 
side than on left; no fourth nerve effect on either eye, 
even with maximal current; no pupillary constriction 

— 7.0 14.5 Contraction of right side of face (primary effect) 

15.5 Bilateral adduction, more of right eye than left; no 
pupillary constriction; tetanoid vermicular contraction 
of both sides of face 

37.0 Jerking up of shoulders; elevation of pelvis and tail; no 
jaw movement or fourth nerve action; no change in 
pupils 

53.0 In addition to response to stimulation with 37 volts, 
movement of both globes downward; no pupillary 
changes 

— 7.7 15.0 Bilateral facial contraction 

15.5 Adduction of both eyes, of right more than left 

— 80 14.5 Bilateral strong adduction, with no pupillary constric- 
tion; contraction of face bilaterally 

21.0 Bilateral fourth nerve effect, in addition to response to 
stimulation with 14.5 volts 

49.5 Movement of eyes down and in (possibly a result of 
adductor action of fourth nerve); action of fourth 
nerve more predominant with stronger current 

— 8.5 14.0 Prompt adduction of both eyes, more pronounced of 
right; no facial contraction with this strength of 
current 

14.8 — facial contraction, on right side more than on 
left 

—90 14.0 Best point for bilateral adduction 

— 9.5 15.0 Primary bilateral facial contraction; more on right side 


than on left, and delayed bilateral adduction, greater 
on right side than on left 


Anatomic Point of Stimulation 


Exactly in midline in central gray matter, just below 
decussation of trochlear nerves, in midline at level 
of brachium conjunctivum and mesencephalic roots 
of trigeminal nerve 


Area of stimulation similar to that with 17 volts, 
but closer to dorsal border of median longitudinal 
fasciculus, in midline 


Central gray matter, between mesencephalic roots 
and dorsal edge of median longitudinal fasciculus 


In midline, between the two median longitudinal 
fasciculi, at level of facial genu 


In midline, between the two median longitudinal 
fasciculi, at level of abducens nuclei and facial 
genu 


In median longitudinal fasciculus, at level of 
abducens nucleus and facial genu 


In median longitudinal fasciculus, between abducens ! 


nucleus and facial genu, about 2 mm. caudal to 4 
trochlear nuclei 


Ventral border of median longitudinal fasciculus | 


Ventral border of median longitudinal fasciculus 


Ventral to median longitudinal fasciculus in vestibu- 
lospinal tract 


* H (dorsoventral coordinate on the Horsley-Clarke instrument) with a numeral indicates the number of millimeters above 


(+) or below (—) the horizontal (HO) plane. 


February 16: The status is unchanged. The brain 


Exactly between, and involving, the mesial half of 


was stimulated, and the monkey was then killed with an 
overdose of pentobarbital sodium for histologic study 
of the brain. Serial sections, cut 30 to 40 microns in 
thickness, were stained for myelin sheaths (Weil or 
Pal-Weigert method). 

Histologic Study: The most significant change was 
observed in a section cut in a plane running through 


each median longitudinal fasciculus was an electrolytic 
lesion. The lesion measured 1 mm. in diameter and 


involved the crossing fibers between the two fasciculi. 
More rostrad it measured about 0.8 mm. in diameter 
and was in the ventral half of and between the two 
median longitudinal fasciculi. Caudally, the lesion was 
about 0.5 mm. in diameter and overlay the gray matter 
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which formed the floor of the fourth ventricle. In the 
next caudal section, in a plane running through the genu 
facialis, the lesion blended with remains of the hori- 
zontal needle tract, which was seen to pierce the gray 
matter of the floor of the fourth ventricle. 

The mesial half of the median longitudinal fasciculus 
was definitely, but partially, degenerated as high up as 


the level of the nucleus of the third nerve. The mesial 
fibers of the fasciculus at this level had disappeared 
completely. 


COMMENT 


Paralysis of adduction of the eyes as part of 
the horizontal conjugate movement, but not of 


Fig. 1—Midsagittal section of the brain stem of a monkey. The direction and location of stimulations of the 
median longitudinal fasciculi in the vertical (3 mm. caudal to the interaural plane) and in the horizontal (7.5 mm. 
below) plane of the stereotaxic instrument are indicated by the arrow-headed black lines. The area within the 
white-dotted square represents one of the many zones of stimulation of the median longitudinal fasciculus. Sections 
of lesions made at this site are illustrated in figures 2 and 3. 

The structures in this section, and in the accompanying sections, of the brain stem may be identified by the 
following numbers: J, corpus callosum; 2, collicular commissure; 2’, pineal body; 3, nucleus of the oculomotor 
nerve; 3’, emerging axons of the oculomotor nerve; 4, nucleus of the trochlear nerve; #4’, crossed fibers of the 
trochlear nerve; 5, median longitudinal fasciculus; 5’, remaining fibers of the median longitudinal fasciculus after 
destruction by electrolytic lesion made in the midline; 6, brachium conjunctivum; 6’, decussation of the brachia 
conjunctiva; 7, thalmo-olivary (?) and tecto-olivary tracts; JJ, inferior olive; 12, medial lemniscus; 13, pyramidal 
tract; 16, superior colliculus; 17, inferior colliculus; 19, nucleus of the abducens nerve, and 20, genu of the 
facial nerve. 
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convergence was described clinically by Biel- 
schowsky * in 1902. Fischer ® observed this syn- 
drome in a patient with multiple sclerosis in 
1905. Wilson *° reported on the same condition 
in 1906. Since then there have been sporadic 
descriptions of this symptom complex, which is 
usually bilateral.t The site of the lesion pro- 
ducing this type of weakness of the internal 
rectus muscles was stated by some authors to be 
in the nucleus of the abducens nerve and by others 
in the median longitudinal fasciculus. It was not 
until 1924, however, when Spiller ** reported the 


first case with necropsy observations, that correct 
localization was at all possible. In Spiller’s 
patient, aged 46, who had mitral stenosis and 
auricular fibrillation, there suddenly developed 
bilateral paralysis of the internal rectus muscle, 
which apparently persisted until death, nineteen 
days later. Autopsy revealed that a vascular 
lesion destroyed the greater portion of each 
median longitudinal fasciculus and parts of the 
adjacent structures along the midline, such as the 
nucleus of the trochlear nerve, the brachium con- 
junctivum and the tectospinal and reticulospinal 


Fig. 2.—Frontal section of the brain stem of a monkey 2.5 mm. behind the interaural plane, illustrating the 
spherical lesion limited to the mesial portion of each median longitudinal fasciculus. The lesion was made through 
a horizontal stimulation approach. The remains of the median longitudinal fasciculus (5’) border the lesion. 


8. Bielschowsky, A.: Die Innervation der Musculi 
recti interni als Seitenwaender, Sitzungsb. d. ophth. 
Gesellsch. (1902), 1903, pp. 164-171. 

9. Fischer, O.: Isolierte Lahmung eines Musculus 
rectus internus als Seitenwender, Prag. med. Wchnschr. 
30:677-678, 1905. 

10. Wilson, S. A. K.: Case of Disseminated Sclerosis 
with Weakness of Each Internal Rectus and Nystagmus 
on Lateral Deviation Limited to the Outer Eye, Stain 
29:398, 1906. 

11. Lewandowsky, M.: Handbuch der Neurologie, 
Berlin, Julius Springer, 1923, vol. 1, p. 733. Wilbrand, 
H., and Senger, A.: Die Neurologie des Auges, Weis- 
baden, J. F. Bergman, 1921, vol. 8, p. 70. Bender, M. 
B., and Weinstein, E. A.: Dissociated Monocular 
Nystagmus with Paresis of Horizontal Ocular Move- 
ments, Arch. Ophth. 21:266-272 (Feb.) 1939. 

12. Spiller, W. G.: Ophthalmoplegia Internuclearis 


Anterior: A Case with Necropsy, Brain 47:345-357, 
1924. 


tracts on the left side. Despite the grossness of 
the lesion, Spiller concluded that the bilateral 
palsy of the internal rectus muscle he observed 
clinically was due to implication of the medial 
longitudinal fasciculus. He did not, however, dis- 
tinguish as to whether the medial or the lateral 
half of the fasciculus was connected with the 
nucleus of the oculomotor nerve. 

The paralysis of abduction noted on horizontal 
gaze is evidently supranuclear. It has been 
known as internuclear paralysis, or ophthalmo- 
plegia internuclearis.*. Since the paralysis is 
supranuclear, it is not surprising to find preserva- 


13. Lhermitte, J. J.: L’encéphalite 1léthargique: 
Questions neurologiques d’actualite, in Vingt Conference 
Faites a la Faculté de Médecine de Paris, (1921), 
Paris, Masson & Cie, 1922. 
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tion of convergence, indicating the intactness of 
the final common pathway from the nucleus of 
the oculomotor nerve. 

A corticovestibular pathway for ocular adduc- 
tion is suggested. On the basis on the experi- 
mental data herein reported and the various 
clinicopathologic descriptions of complete and in- 
complete paralyses of conjugate gaze in cases of 
lesions of the brain stem, it is clear that the 
supranuclear pathway for ocular adduction (as 
part of conjugate deviation) descends from the 
cortex as far down as the vestibular nuclei. 
Spiegel drew a similar conclusion.‘ Working 


lations from the vestibular nucleus to the median 
raphe in the lower part of the pons (unpublished 
data), where the vestibulomesencephalic fibers 
are known to cross and ascend in the medial 
half of the opposite median longitudinal fascicu- 
lus. Here the fiber pathways conduct im- 
pulses finally to the nucleus of the internal ree- 
tus muscle. The latter conclusion is based on the 
following facts: When the mesial fibers of the 
median longitudinal fasciculus are stimulated at 
the level of the abducens nucleus, there results 
adduction in the contralateral eye; when these 
fibers are destroyed at this point, paralysis of the 


Fig. 3.—Frontal section of the brain stem of a monkey 3 mm. behind the interaural plane, illustrating a spherical 


lesion limited to the median longitudinal fasciculus. 


with cats, he found that vestibular nuclei receive 
impulses from the frontal and occipital areas 
governing movements of the eyes. The exact 
localization of this corticobulbar. tract has been 
difficult to determine anatomically, but, from our 
stimulation experiments, it appears to course in 
the reticular substance of the tegmentum of the 
brain stem near the midline, ventral and some- 
what lateral to the median longitudinal fasciculus 
(unpublished data). The pathway conducting 
horizontal conjugate movements of the eyes may 
then be traced caudorostrally by a series of stimu- 


14. Spiegel, E. A.: Role of Vestibular nuclei in the 
Cortical Innervation of the Eye Muscles, Arch. Neurol. 
& Psychiat. 29:1084-1097 (May) 1933. 


The lesion was made through a vertical stimulation approach. 


internal rectus muscle follows, and an ascending 
partial degeneration is observed in the mesial part 
of the fasciculus as high up as the nucleus of the 
oculomotor nerve. It is evident, then, that at 
least one function of the median longitudinal 
fasciculus in the monkey is to carry impulses 
to part of the oculomotor nucleus. We stress 
the fact that this is only one of the functions be- 
cause (a) a lesion in this area causes nystagmus 
on vertical gaze, in addition to the palsy of the 
internal rectus muscle and (b) the degeneration 
of the mesial half of the median longitudinal 
fasciculus is incomplete. The latter seems to in- 
dicate the presence of descending fibers or ascend- 
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jing internuncial axons which may enter the 
bundle from the reticular system more rostrally. 

In conjunction with ocular movements, the 
subject of head turning must be taken into con- 
sideration. From our data, it is doubtful whether 
impulses for head turning and forced body move- 
ments are conducted by the median longitudinal 
fasciculus, as was concluded by Muskens.** The 
lesions Muskens made in the median longitudinal 
fasciculus of cats were relatively gross and often 
implicated many of the adjacent structures. The 
median longitudinal fasciculus was only one of 
several structures he injured by means of the 
“Probst concealed needle.” 

During the course of our experiments we 
stimulated and made circumscribed electrolytic 
lesions in fiber pathways bounding the median 
longitudinal fasciculus such as the branchium 
conjunctivum and the reticulospinal and tecto- 
spinal systems. In those instances we noted con- 
jugate deviation of the eyes and head and body 
torsion movements to the side of the stimulation. 
After a lesion there was paralysis of ipsilateral 
conjugate gaze, with deviation of the head and 
eyes and forced or circling movements away 
from the side of the lesion. The median longi- 
tudinal fasciculus was not involved in these 
monkeys (unpublished data). Therefore, we 
cannot confirm Muskens’ observation or con- 
clusions on these functions of the median longi- 
tudinal bundle. 

Spiller’s clinicopathologic observations on 
man and our experimental data on monkeys 
appear to be in agreement in that a lesion of the 
median longitudinal fasciculus causes paralysis of 
the internal rectus muscle. From this it may be 
implied that the function of the fasciculus in man 
is similar to that in the monkey. Consequently, 
the paralysis of the internal rectus muscle with 
or without monocular or vertical nystagmus ob- 
served clinically in man is probably due to a 
lesion in the median longitudinal fasciculus. 


According to Lorente de N60,’ section of the 
median longitudinal fasciculus in rabbits pro- 
duces no apparent disturbance in function of the 
oculomotor muscles or in vestibular function; 
there is no paralysis of adduction on horizontal 
gaze. This, of course, is not surprising, since 
the rabbit’s eyes are laterally placed and have no 
need for horizontal conjugate movement, as have 
the anteriorly placed eyes of the monkey or man. 
Although a lesion of the median longitudinal fas- 
ciculus in the monkey does not interfere with 
vestibular function, it does, as already stated, re- 
sult in paralysis of the internal rectus muscle. It 
is reiterated, therefore, that the function of the 
mesial fibers of the median longitudinal fascicu- 
lus in the monkey, and probably in man, is to 
conduct impulses to the nucleus subserving ac- 
tion of the internal rectus muscle during hori- 
zontal deviation of the eyes. 


SUMMARY 


Experimental stimulation of the mesial fibers 
of the median longitudinal fasciculus in the 
monkey causes ocular adduction. Destruction 
of these same fibers results in paralysis of adduc- 
tion and nystagmus in the abducted eye on at- 
tempted lateral gaze. This is similar to the ocular 
syndrome described clinicopathologically in man. 
Vestibular function is unaffected. 

On the basis of these observations, it ap- 
pears that the ascending fibers in the median 
longitudinal fasciculus probably represent the ter- 
minal portion of the corticobulbar pathway for 
horizontal conjugate movements of the eyes. This 
hypothesis has been supported by observations 
made on a series of stimulations through the 
reticular substance, the vestibular nuclei and their 
emerging fibers. 


Mount Sinai Hospital. 


15. Lorente de N6, R.: Vestibulo-Ocular Reflex Arc, 
Arch. Neurol. & Psychiat. 30:245-291 (Aug.) 1933. 
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EFFECT OF INSULIN HYPOGLYCEMIA ON GLYCOGEN CONTENT 
OF PARTS OF THE CENTRAL NERVOUS 
SYSTEM OF THE DOG 


ANNETTE CHESLER, B.A. 
AND 


HAROLD E. HIMWICH, M.D. 
ALBANY, N. Y. 


In a previous study? we determined the gly- 
cogen contents of the various parts of the central 
nervous system in dogs and cats with normal 
levels of the blood sugar. It was found that 
each portion of the central nervous system pos- 
sessed a characteristic concentration of glycogen 
and that in general, in the adult, these concen- 
trations followed a definite order, being lowest 
in the cord and becoming increasingly greater in 
the successive rostral portions. Kerr and asso- 
ciates,?, who studied only the cerebral cortex, 
observed that its glycogen content was remark- 
ably constant under all conditions except for 
hypoglycemia. With an average normal value of 
90 mg. per hundred grams of cortex, they found 
that a fall of 50 mg. or less per hundred grams 
resulted in the production of hypoglycemic 
symptoms. The lowest values they observed in 
the cerebral cortex averaged approximately 30 
mg. per hundred grams of tissue. In the present 
experiments the glycogen contents of representa- 
tive parts of the central nervous system were 
examined in an effort to determine the changes 
occurring in the various portions during intense 
hypoglycemia. 

METHOD 

The methods for the fixation of glycogen and its 
determination were described in a previous paper.’ 
Fasting dogs were given intraperitoneal injections of 
35 mg. of pentobarbital sodium per kilogram of body 
weight and then received standard insulin, 2 units per 


kilogram of body weight, every hour for the duration 
of the experiment. The heart rate was taken as an 


Eli Lilly and Company supplied the insulin. 

This study was aided by a grant from the Scottish 
Rite Fund. 

From the Department of Physiology and Pharma- 
cology, Albany Medical College, Union University. 

1. Chesler, A., and Himwich, H. E.: The Glycogen 
Content of Various Parts of the Central Nervous 
System of Dogs and Cats at Different Ages, Arch. 
Biochem. 2:175 (June) 1943. 

2. Kerr, S.; Hampel, C. W., and Ghantus, M.: 
The Carbohydrate Metabolism of the Brain: IV. Brain 
Glycogen, Free Sugar, and Lactic Acid as Affected by 
Insulin in Normal and Adrenal-Inactivated Cats, and 
by Epinephrine in Normal Rabbits, J. Biol. Chem. 119: 
405 (July) 1937. 
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important criterion of the progress of the hypoglycemia, 
The bradycardia occurring after the initial tachycardia 
was used as a sign of medullary release, with pre- 
dominant vagus tone.* For that reason the rate of the 
heart was observed throughout the experiments, and 
the final rate was correlated with the glycogen contents 
observed. The actual duration of the episodes of hypo- 
glycemia varied in the different experiments from three 
to fifteen hours. The level of the blood sugar was 
followed by frequent sampling of the blood and its 
analysis by the Hagedorn and Jensen method.+ 


RESULTS 


The accompanying table contains the obser- 
vations in 9 experiments. It presents the gly- 
cogen contents of the various parts of the central 
nervous system, the initial and terminal heart 
rates, the concentration of blood sugar and the 
time the sample of blood was drawn before the 
animal was killed. Finally, for comparison with 
the glycogen contents of the various parts of the 
central nervous system during hypoglycemia, the 
averages and the range of values for each part 
of the brain of adult dogs with normal levels 
of the blood sugar* are included. The low 
levels of the blood sugar reveal the profound 
hypoglycemia of the animals. Examination of 
the heart rates discloses that as the differences 
between the original values and those determined 
just before the injection of sodium iodoacetate 
become progressively larger, the glycogen con- 
tents of the parts of the central nervous system 
show greater changes from the normal. A heavy 
line has been drawn to separate the glycogen 
contents for the animals into two divisions, the 
values to the left being significantly lower than 
the lowest value in the normal range for that 
part while the values to the right are not sig- 
nificantly lower than the normal. The values 
for the cord in some instances showed a tendency 


3. Himwich, H. E.; Martin, S. J.; Alexander, F. A. 
D., and Fazekas, J. F.: Electrocardiographic Changes 
During Hypoglycemia and Anoxemia, Endocrinology 
24:536 (April) 1939. 

4. Hagedorn, H. C., and Jensen, B. N.: Zur 
Mikrobestimmung des Blutzukers mittels Ferricyanid, 
Biochem. Ztschr. 135:46, 1923. 
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CHESLER-HIMWICH—GLYCOGEN 


to be high, and in 1, an experiment in which there 
was a profound depression in the heart rate 
accompanied by a notable decrease in the gly- 
cogen content of the higher anatomic portions 
of the brain, the glycogen content of the cord 
rose to several times its normal level. 


COMMENT 


An inspection of the table reveals that the 
glycogen contents of some parts of the brain 
were reduced during hypoglycemia while those 
of other portions remained above the minimum 
for the normal range of values. With the excep- 
tion of the cerebral cortex, this depletion pro- 
ceeded caudally from the caudate nucleus and the 
corpora quadrigemina. Thus, in the first experi- 
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however, the brain must utilize its intrinsic car- 
bohydrate resources to maintain itself. The func- 
tion of each part thus finally ceases as its gly- 
cogen deposits are depleted. Complete and rapid 
recovery from hypoglycemia can probably occur 
only before glycogen supplies in the medulla 
become impaired, for until that time the intrinsic 
carbohydrate reserves in that portion of the brain 
are adequate to sustain the functions of the vital 
centers. Once the glycogen content of the 
medulla is exhausted, however, recovery becomes 
difficult or impossible because of lack of support 
for vital functions, chiefly maintenance of respi- 
ration and blood pressure. 

It is evident that in the canine brain the 
caudate nucleus is among the first regions to be 


Glycogen Content, Expressed in Milligrams per Hundred Grams, of Parts of the 
Central Nervous System of Hypoglycemic Dogs 


Experi- Corpora Cerebral Heart Rate per Min. 
ment Caudate Quadri- Gray Cere- Blood Sugar, 
No. Nucleus gemina Matter Thalamus bellum Medulla Cord Initial Terminal Mg./100 Cc.* 
Hypoglycemic Dogs 
| 
1 § 26 | 56 45 40 35 46 220 160 27 (2) 
2 12 22 33 | 40 32 26 14 122 70 22 (12) 
3 8 32 21 27 33 24 14 184 172 19 (2%) 
4 1 & 16 8 | 30 49 122 240 56 13 (11) 
5 20 0 11 18 18 36 45 210 88 34 (11) 
6 12 13 19 20 § 19 16 180 75 28 (4) 
7 6 15 10 8 1 31 43 190 108 8 (7) 
s 0 0 2 0 1 | 31 32 180 64 13 (5%) 
9 0 2 6 0 6 13 | 26 160 60 7 
Normal Dogs? 
Average...... 58 50 73 62 35 37 29 
Range........ 44-71 37-60 45-108 41-68 23-46 21-47 15-31 


* Numbers in parentheses indicate the number of hours before the animal was killed that the sample of blood was taken from 


the femoral artery for determination of dextrose. 


ment the values for the cortex, the thalamus, the 
cerebellum, the medulla and the cord did not 
differ from the normal. In the second experi- 
ment glycogen contents were normal from the 
thalamus caudally ; in the third and fourth experi- 
ments all parts down to the cerebellum were 
depleted of glycogen; in the fifth through the 
eighth experiment only the values for the medulla 
and cord were above the minimum for normal, 
and in only 1 observation did the medulla appear 
to be involved. 

With normal levels of blood sugar, the brain 
depends entirely on this source of carbohydrate 
for energy for the maintenance of its func- 
tions.” When profound hypoglycemia is induced, 


5. Himwich, H. E.: A Review of Hypoglycemia: 
Its Physiology and Pathology, Symptomatology and 
Treatment, Am. J. Digest. Dis. 11:1 (Jan.) 1944. 


depleted. This is in accordance with the observa- 
tion that the respiration of this area is most 
rapid in the dog.® It is true that under normal 
conditions in the dog the cortex has the highest 
glycogen content, followed by the thalamus and 
the caudate nucleus.t The possibility therefore 
exists that these parts of the central nervous 
system may retain their functions longest during 
hypoglycemia. Since the rates of respiration are 
highest in these parts of the brain,® however, 


Himwich, H. E.; Bowman, K. M.; Wortis, J., and 
Fazekas, J. F.: Biochemical Changes Occurring in 
the Cerebral Blood During the Insulin Treatment of 
Schizophrenia, J. Nerv. & Ment. Dis. 89:273 (March) 
1939. 

6. Himwich, H. E., and Fazekas, J. F.: Comparative 
Studies of the Metabolism of the Brain of Infant and 
Adult Dogs, Am. J. Physiol. 182:454 (March) 1941. 
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depletion of glycogen is more rapid during hypo- 
glycemia, despite the fact that the initial stores 
are greater. By the same reasoning, since the 
rates of glycolysis of these parts are also highest,’ 
their glycogen stores are more rapidly depleted 
during anoxia. 

Observations on patients receiving insulin 
shock therapy for schizophrenia also reveal a 
march of symptoms in a caudad direction.® 
Analysis of the symptoms indicates that they may 
be divided into five groups, each one of which 
appears to be allocated to a different phyletic 
layer—cortical, subcorticodiencephalic, mesen- 
cephalic or upper or lower medullary. The 
order of progression in the depletion of the gly- 
cogen contents of the various parts of the dog’s 
brain affords additional evidence for the alloca- 
tion of these hypoglycemic symptoms. When 
hypoglycemia or anoxia is unduly prolonged, the 
destruction of various cerebral parts occurs in a 
similar sequence.® The only discrepancy is noted 


7. Chesler, A., and Himwich, H. E.: Glycolysis in 
the Parts of the Central Nervous System of Cats and 
Dogs at Various Ages, Am. J. Physiol., to be published. 

8. Himwich, H. E.; Frostig, J. P.; Fazekas, J. F., 
and Hadidian, Z.: The Mechanism of the Symptoms 
of Insulin Hypoglycemia, Am. J. Psychiat. 96:371 
(Sept.) 1939. Frostig, J. P.: Clinical Observations in 
the Insulin Treatment of Schizophrenia: I. The 
Symptomatology and Therapeutic Factors of the Insulin 
Effect, ibid. 96:1167 (March) 1940. Himwich.5 

9. Heymans, C.; Bouckaert, J. J.; Jourdan, F.; 
Nowak, S. J. G., and Farber, S.: Survival and Re- 
vival of Nerve Centers Following Acute Anemia, Arch. 
Neurol. & Psychiat. 38:304 (Aug.) 1938. Sugar, O., 
and Gerard, R. W.: Anoxia and Brain Potentials, J. 
Neurophysiol. 1:558 (Nov.) 1938. Weinberger, L. M.; 
Gibbon, M. H., and Gibbon, J. H., Jr.: Temporary 


in the depletion of the caudate nucleus before the 
cerebral cortex in the dog, but this may be im- 
puted to the lower position of the dog in the 
phyletic scale. Perhaps the place of man in the 
highest phyletic grade accounts for the neurologic 
changes occurring during hypoglycemia which 
indicate that the cerebral hemispheres are de- 
pleted first.’° 
SUMMARY 


In the determinations of the glycogen contents 
of the various parts of the central nervous sys- 
tem of 9 dogs, subjected to intense hypoglycemia 
of various durations, it was observed that the 
decreases in glycogen concentration did not take 
place in a haphazard fashion, but occurred in 
a definite order, which with the exception of the 
cerebral cortex, had a rostral to a caudal pro- 
gression. The concentrations in the caudate 
nucleus and the corpora quadrigemina decreased 
first, followed by those in the cortex, the thala- 
mus, the cerebellum and the medulla. The 
values for the cord were never significantly below 
the normal. These concentrations were corre- 
lated with the allocations of the symptoms of 
hypoglycemia. 

Albany Medical College. 


Arrest of the Circulation to the Central Nervous 
System: I. Physiologic Effects, Arch. Neurol. & 
Psychiat. 43:615 (April) 1940; Temporary Arrest of 
the Circulation to the Central Nervous System: II. 
Pathologic Effects, ibid. 43:961 (May) 1940. Gildea, 
E. F., and Cobb, S.: The Effects of Anemia on the 
Cerebral Cortex of the Cat, ibid. 23:876 (May) 1930. 


10. Lawrence, R. D.; Meyer, A., and Nevin, S.: The 
Pathological Changes in the Brain in Fatal Hypo- 
glycemia, Quart. J. Med. 11:181 (Oct.) 1942. 
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PHOTIC DRIVING 


A. EARL WALKER, M.D.; JACK I. WOOLF, M.D.; WARD C. HALSTEAD, PuD., 
AND THEODORE J. CASE, M.D. 
CHICAGO 


Early in the study of the electrical activity of 
the cerebral cortex Berger * noted that a photic 
stimulus to the retina notably altered the spon- 
taneous alpha rhythm. This observation gave 
added impetus to the study of the phenomena 
associated with stimulation of the visual system, 
which led to the discovery of one of the most 
interesting methods of modulating the pattern of 
the occipital electroencephalogram, namely, that 
of intermittent photic stimulation of the retina, or 
“photic driving.” The modifications of the nor- 
mal cortical rhythms which may be produced by 
this method permit certain analyses of normal, 
and possibly pathologic, visual mechanisms. 


HISTORICAL REVIEW 


Although Kornmiiller * and Fischer *? demon- 
strated distinct “on” and “off” action potentials 
in different parts of the visual system as the result 
of discrete flashes of light on the retina, and 
Wang * showed that repetitive photic stimulation 
of the retina induced similar action potentials, it 
was Adrian and Matthews ° who first used photic 
driving to modify the Berger rhythm. In man 
they noted that photic driving was most clearly 
seen when the rate of photic stimulation was be- 
tween 10 and 20 cycles per second. At times 
they noticed a tendency for the brain waves to 
occur at one-half, or more rarely at twice, the 
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rate of flicker. Loomis, Harvey and Hobart ° 
repeated this work and confirmed the observa- 
tions. Both Bartley’ and Bishop found that 
the cortical activity of the rabbit might be greatly 
altered in amplitude and rate by intermittent 
photic stimulation of the retina. They, too, noted 
that the cortical responses approached their maxi- 
mal amplitude when the flashes of light occurred 
in what they considered to be the alpha rhythm 
for the rabbit (approximately 5 per second). 
They were, moreover, able to modify (raise or 
lower) the frequency of the alpha rhythm in the 
rabbit under certain conditions by altering the 
rate of retinal stimulation. In the cat, Bishop 
and O’Leary® found the responses to photic 
stimulation of the retina less clear than those ob- 
tained by electrical excitation of the optic nerve. 

Durup and Fessard *° were also able to drive 
the alpha rhythm of man at frequencies higher 
than those normally seen in the electroencephalo- 
gram. Jasper‘! studied photic driving in 2 sub- 
jects and recorded frequencies following flicker 
as high as 55 to 60 per second. He stated that 
this was nearly the perceptual fusion threshold 
for the intensity used. He noted that occasionally 
the cortical potentials followed at twice the rate 
of flicker fusion. The amplitude of the electro- 
encephalographic waves at a frequency of 20 
per second was one-half that at the rate of 10 per 
second, and that at a rate of 40 per second, one- 
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fourth that at a rate of 10 per second. He 
expressed the belief that the electroencephalo- 
gram did not show a continuous driving effect at 
all frequencies, but that there was a resynchroniz- 
ation at certain frequencies; thus, high fre- 
quencies are followed by alternation. 

Toman ** studied the effects of flicker on 21 
human subjects. He found that the alterations in 
cortical potential were obtained almost entirely 
from the leads placed in the occipital region, only 
rarely from leads from the central area and not at 
all from leads from the frontal region. In cer- 
tain subjects he was able to modify the alpha 
rhythm between zero and 23 cycles per second, 
but he found, as had Adrian and Matthews, that 
the optimum frequency for driving was close to, 
although usually not coincident with, the normal 
alpha waves of the subject. He concluded that 
the flicker and the alpha waves do not have an 
identical distribution over the head. He found 
that the optimum stimulus conditions for photic 
driving were: (1) a flash frequency closely ap- 
proximating the rate of the spontaneous alpha 
rhythm; (2) an intensity of brightness probably 
higher than 5 millilamberts; (3) a light-dark 
ratio of between 1:3 and 1:23, and (4) com- 
plete illumination of the entire test field. He 
noted that when flashes were repeated more 
rapidly than at a rate of 5 per second the succes- 
sive responses overlapped and the chief remain- 
ing landmark was the positive peak. The wave 
form, in some cases, was sinusoidal, but at times 
doubling was noted, the alternate waves being on 
occasion unequal in amplitude. At the highest 
frequencies driving sometimes appeared to be at 
only half the flash frequency. Doubling was not 
considered characteristic of any particular fre- 
quency, nor was it characteristically absent at 
any point, although it appeared more rarely as 
the upper frequency limit was approached. To- 
man found that even in the most favorable sub- 
jects the flicker response did not begin maximally 
with the first flash of a series. At best, a typical 
“on” response occurred at the first flash, the 
positive peaks being attributable to later flashes, 
then beginning at small amplitude and attaining a 
maximum amplitude in from three-tenths to two 
seconds. Sometimes there was only irregular 
activity for the first few flashes, after which driv- 
ing became progressively organized. Through- 
out a series of flashes there might be slow waxing 
and waning, accompanied by changes in wave 
form. It was sometimes possible to omit a 
single flash without disrupting the response, an 
occurrence which suggested a tendency toward 


12. Toman, J.: Flicker Potentials and the Alpha 
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rhythmicity. This was further brought out by 
the fact that in the records of several subjects a 
decreasing chain of waves were seen to continue 
for some time after the last flash of a series, 
These after-effects were best seen at a fre- 
quency of 10 cycles per second. 


EXPERIMENTAL METHODS 


The present investigation was primarily carried out on 
the macaque monkey 13 and was later extended to include 
the cat and dog. The experiments were made on both 
the unanesthetized and the anesthetized monkey. In the 
case of the unanesthetized monkey, bipolar recording 


was made by leads placed 2 cm. apart on the scalp.” 


With the animal under anesthesia, both leads were 
placed on the cortex or were attached to screws placed 
in the calvarium. The studies on the cat and dog were 
carried out on the anesthetized animal, and the leads 
were screwed into the calvarium. 

Electroencephalograms were simultaneously recorded 
on paper tape from both occipital regions, and in some 
cases from the parietal and frontal regions. The photic 
stimulus was recorded by means of a photo cell pick-up 
working into one stage of an amplifying channel. 

Stimulation was carried out with the monkey in a 
darkened, electrically shielded cage. The animal was 
attached to an animal board and placed before an 
aperture in one side of the shielded cage in such a 
manner that flashes of light introduced through the 
aperture gave an equal illumination to the two eyes. 
Light from a tungsten source was interrupted at various 
frequencies by means of an interposed episcotister driven 
by a direct current motor. The light : dark ratio, 
unless otherwise specified, was 1:1. The intensity of 
light was varied by a variac transformer from less than 
1 to 120 foot candles. Both pupillary and accommo- 
dative reflexes were eliminated by instillation of a 0.5 
per cent solution of scopolamine hydrochloride into the 
conjunctival sac of each eye. Blinking movements were 
eliminated by continuous use of lid retractors during 
stimulation; a bit was employed to prevent head move- 
ments. 

Quantitative analysis was made of all records. The 
method of analysis varied, depending on the phenomenon 
being studied, and accordingly the method is given for 
each type of analysis. 

All operative procedures were carried out with the 
animal under anesthesia induced by intraperitoneal in- 
jection of pentobarbital sodium or by inhalation of 
vinethene. In the case of the latter, after injection of 
procaine into the margin of the wound, the animal was 
allowed to awaken. For picking up the potentials from 
the lateral geniculate bodies, Adrian-Bronk concentric 
bipolar needle electrodes were used, the electrodes being 
passed manually through the middle portion of the first 


13. (a) Case, T. J.: Alpha Waves in Relation to 
Structures Involved in Vision, Biol. Symposia 8:107- 
116, 1942. (b) Halstead, W. C.; Knox, G. W., and 
Walker, A. E.: Modification of Cortical Activity by 
Means of Intermittent Photic Stimulation in the 
Monkey, J. Neurophysiol. 5:349-356, 1942. (c) Hal- 
stead, W. C.; Woolf, J. I.; Knox, G. W., and Walker, 
A. E.: Effects of Intensity and Wave Length on Driv- 
ing Cortical Activity in Monkeys, ibid. 5:483-486, 1942. 
(d) Walker, A. E.; Woolf, J. I.; Halstead, W. C., and 
Case, T. J.: Mechanism of Temporal Fusion: Effect of 
Photic Stimulation on Electrical Activity of Visual 
Structures, ibid. 6:213-220, 1943. 
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temporal convolution into the lateral geniculate body on 
one or both sides. When the activity of the tectum 
mesencephali was studied, a needle electrode was in- 
serted along the tentorium cerebelli. A similar needle 
electrode was inserted into the optic nerve by passing it 
through the inner canthus of the eye and along the 
medial margin of the orbit until it reached the optic 
nerve. 

In certain experiments, for accuracy in determina- 
tion of time relations, recording was made on bromide 
paper with a moving loop oscillograph. 

The position of the electrodes within the brain was 
controlled anatomically by removing the brain and 
sectioning it in slabs 1 mm. in thickness, after fixation 
in solution of formaldehyde U. S. P. In cases in 
which chronic experiments were carried out after re- 
moval of certain portions of the nervous system, serial 
sections were made of the brain and retina, so that 
both the lesions and the resultant degeneration in the 
lateral geniculate bodies might be studied. 


EFFECTS OF PHOTIC DRIVING ON THE 
ELECTROENCEPHALOGRAM 


The Unanesthetized Monkey.—In a series of 
21 monkeys, the cortical activity was modified by 
intermittent photic stimulation in the unanes- 
thetized animal. In this group quantitative 
analysis was made of all records. At intervals of 
1 foot (30 cm.) of tape, each record was sampled 
for ten successive waves until 25 such groups 
were obtained for each animal (tape speed, 3 cm. 
per second). Each set of 250 waves was then 
measured for amplitude in units of 0.25 mm., a 
reading lens with a magnification of 2.5 being 
used. Measurements were then separated into 
two groups, on the basis of whether or not the 
cortical frequency corresponded with the flash 
frequency. For convenience of comparison, the 
total amplitude per second was calculated for each 
frequency by multiplying the average amplitude 
by the frequency. It was found that photic stimu- 
lation increased the amplitude of the waves per 
unit of time and regularized or stabilized the 
cortical rhythm. In a group of 12 animals, the 
time the effect was present averaged 55 per cent 
for the group as a whole and ranged from 28 to 
79 per cent for individual monkeys. There is 
reason to believe that the variation in photic driv- 
ing of an individual animal on successive days 
may be of this order. The frequencies at which 
driving occurred ranged in different animals from 
7.5 to 2 cycles per second and averaged 5 cycles 
per second for the group as a whole. Under the 
foregoing conditions, no animal showed driving at 
a frequency greater than 13.7 cycles per second, 
but later driving occurred at considerably higher 
rates. The amplitude maximums tended to clus- 
ter within a limited range for the 12 monkeys. 
Nine maximums fell within a frequency range of 
1 cycle per second, that is, within the range 
from 10.5 to 11.6 flashes per second. In con- 


trast, in the nondriving record, the amplitude 
maximums were scattered over a much wider 
range—7 to 29 cycles per second—with no sug- 
gestion of clustering. In no instance did more 
than 2 animals have amplitude maximums within 
1 cycle of the same frequency (fig. 1). 

A not uncommon phenomenon was a tendency 
for the cortical frequencies to be exactly double 
or triple that of a given flash frequency. Doub- 
ling was usually observed at slower rates of 
stimulation, up to 8 or 9 per second. At fre- 
quencies of 3 to 5 per second the response con- 
sisted of distinct “on” and “off” effects, the 
“on” effect usually having a greater amplitude 
than the “off” effect. With increased frequency 
of retinal stimulation, the two became of equal 
amplitude, until at a frequency of 8 to 9 per 
second the “off” effect disappeared and a series 
of sinusoidal waves corresponding to the rate of 
stimulation developed. Toman’s conclusions 
were not in agreement with this interpretation 
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Fig. 1—Graph showing the amplitude maximum dur- 
ing photic driving in 12 monkeys (one repeat record). 
Nine potentials occur at a frequency of approximately 
11 cycles per second. The ordinates represent the 
amplitudes per second; the abscissas, the frequencies. 


of doubling. In the human electroencephalogram 
he could find no component with a constant time 
relation to the “off” effect, nor could he alter the 
phase relation in photic driving by changing the 
light : dark ratio. He therefore concluded that 
the total response was initiated by the “on” 
effect. If Toman was correct, the pattern of the 
response is probably initiated by the retina, for 
the phenomenon of doubling is seen in leads taken 
from the optic nerve. It is quite true that an 
“off” effect having the time relation of that seen 
after an isolated flash cannot be demonstrated in 
photic driving, but it is equally true that the pat- 
tern and timing of the “on” effect in photic driv- 
ing are quite different from those after single 
flashes. It would seem that repetitive or serial 


stimuli cause a reorganization of the retinal and 
cortical “on” and “off” responses (fig. 3). 
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On many occasions the photic driving from one 
occipital lobe was not similar to that from the 
other lobe. At times photic driving was obtained 
from one side when the opposite side showed no 
evidence of such synchronous activity with the 
photic stimulus. The significance of this devi- 
ation is not apparent. 

The Anesthetized Monkey.—The effects of 
anesthesia on photic driving in the electroen- 
cephalogram were noted with the administration 


Fig. 2.—Electroencephalograms for the monkey, 
showing photic driving. A, doubling to photic stimula- 
tion at 7 cycles per second; B, photic driving at 7.5 
cycles per second; C, driving obtained from the same 
animal as that shown in B at 9 cycles per second when 
under anesthesia induced with pentobarbital sodium. 
The extraneous cortical activity is absent in this 
record. J is the tracing from the right occipital lead; 
2, from the left occipital lead, and 3, from the photo- 
electric cell. 


of pentobarbital sodium (intraperitoneally), 
sodium pentothal (intravenously) and _ vinyl 
ether—vinethene (by inhalation). Driving was 
not obtained in an animal anesthetized with either 
vinethene or sodium pentothal, probably because 
of the difficulty of maintaining the animal at one 
plane of anesthesia with these agents. The use of 
pentobarbital in 2 animals produced a decided 
enhancement in the quality of the driving records. 
Whereas with the unanesthetized animal the syn- 
chronized waves often appeared in small, scat- 
tered groups, in the anesthetized animal the driv- 
ing was distinct and often continuous. In 1 ani- 
mal the number of frequencies at which driving 
occurred was increased. A third animal—after 
bilateral temporal lobectomy—did not reveal 
photic driving while anesthetized. The record 
from this animal was characterized by slow, 
irregular waves resembling those associated with 
deep sleep in man, while the other 2 animals 
were apparently at a much lighter plane of anes- 
thesia. 


EFFECTS OF PHOTIC DRIVING ON THE 
ELECTROCORTICOGRAM 
In the majority of these experiments the animal 
was under continuous anesthesia induced with 


pentobarbital sodium. The cortex was exposed, 
and leads were placed directly on the striate cor- 
tex or screws inserted into the occipital portion of 
the calvarium so that they were in close contact 
with the cortex. Under such circumstances driy- 
ing could be demonstrated over a much wider 
range of frequencies and was present at a fre- 
quency of from as low as 1 or less to 34 per 
second. Above this frequency we were not able 
to obtain photic driving. The driving obtained 
from the cortex under these conditions was 
usually consistent and was maintained through- 
out long periods. 

Like the electroencephalogram, the electro- 
corticogram showed the phenomenon of fre- 
quencies which doubled or tripled the rate of 
photic stimulation. At slow speeds of stimula- 
tion, up to 8 or 9 per second, the response usually 
consisted of two waves, one following the “on” 
signal and the other the “off” signal. At slow 
speeds the “on” response was usually greater 
than the “off” reponse, but as the speed increased 
the two became of equal amplitude. With still 
further acceleration the ‘off’? response dropped 
out, and the resultant effect was a series of 
approximately sinusoidal waves corresponding to 
the rate of stimulation. 


FACTORS AFFECTING PHOTIC DRIVING 


Intensity.—In determining the effects of varia- 
tions of intensity of the stimulus on photic driving, 
the following sequence of intensities was employed 
with 2 monkeys: 2, 4, 6, 8, 10, 20, 40, 60, 80, 100 
and 120 foot candles. The sequence was not re- 
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Fig. 3—Electrocorticograms of the monkey, showing 
photic driving at (A) 4.5, (B) 8, (C) 7.25, (D) 11, and 
(E) 15.3 cycles per second. 1 is from the right occipital 
lead; 2, from the left occipital lead, and 3, from the 
photoelectric cell. 


versed, owing to the relative slowness of dark 
adaptation. For each intensity value, the flash 


frequency was either raised or lowered through 
twenty steps, the range of variation being in 
every instance from 3 to 12.5 flashes per second. 
Each flash frequency was employed for fifteen 
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seconds for each intensity (tape speed, 3 cm. per 
second). Quantitative analyses were made of all 
records. Driving was considered to be present 
at any frequency when five consecutive waves of 
the electroencephalogram coincided with the flash 
frequency. In many records the cortical frequencies 
followed the flash frequency throughout an en- 
tire period of photic stimulation at one intensity. 
The driving for each intensity was calculated in 
terms of the number of flash frequencies which 


Fig. 4.—Electrocorticograms of the cat showing (A) 
photic driving in both occipital regions and the left 
frontal area at 14.5 cycles per second and (B) marked 
alteration in the cortical rhythm produced by inter- 
‘mittent photic stimulation of the retina but poor driving 
in the occipital leads and little change in the activity of 
the frontal region. J is from the photoelectric cell; 2, 
from the left frontal lead; 3, from the right occipital 
lead, and 4, from the left occipital lead. 


produced driving, out of a total of twenty fre- 
quencies employed. The results obtained for 
the two occipital regions were plotted separately. 
In general, however, the two curves were fairly 
similar. In this group of 5 monkeys the max- 
imum driving occurred with an intensity of 80 
foot candles. At an intensity of 120 foot candles 
there was a decrease in percentage driving. 
Flashes of neutral light at an intensity of 80 foot 
candles are about twice as effective in producing 
driving as flashes at an intensity of 4 foot candles. 
The explanation for this point is not apparent, 
since this intensity is well below the saturation 
point for discriminable brightness for man, and 
presumably so for the monkey (table 1; fig. 5). 


Relation of Intensity of Brightness to Photic Driving 


Percentage Photic Driving 


Intensity, Right Occipital Left Occipital 
Foot Candles Region Region 
41 37.5 


Wavelength—tThe effect of wavelength on 
photic driving was determined on 7 monkeys, 
monochromatic filters being used instead of neu- 
tral filters. The intensity was maintained at 4 
foot candles throughout the experiment. Photo- 
metric determinations were made by means of a 


commercial model photometer, which consisted 
of a galvanometer and a photoelectric cell, with 
filters to exclude all wavelengths but the visible 
spectrum for the human eye (sensitivity, 0.1 foot 
candle). Since the monkey eye and the human 
eye have been shown to have essentially similar 
spectral sensitivities, the photic stimuli were 
equated for luminosity rather than for energy. 
The following sequence of stimuli was employed: 
an auditory control period; a neutral filter; 
Wratten monochromatic filters nos. 70, 71, 72, 
73, 74 and 75, and the neutral filter. The se- 
quences of color filters and of flash frequencies 
were systematically altered in each of the experi- 
mental sessions for some monkeys. The per- 
centage driving for each stimulus condition was 
calculated as for variations in intensity. These 
values were plotted against their respective filters 
and form the basis for the graphs shown in 
figure 6. The transmission value of each of 
the color filters has been given elsewhere.** 
It will be noted that the curves for the two 
occipital leads are similar and that both reach 
a maximum in the blue region of the spectrum. 
In spite of considerable variation in the absolute 
percentage of the driving for each occipital lead 
from one animal to another, it is apparent that 
in general the blue end of the spectrum tended 
to be more effective in photic driving than the 
red end. If this difference is expressed in terms 
of the extremes of our spectrum, blue filter 
no. 75 produced an average percentage of driving 
of 55 while red filter no. 70 produced an average 
percentage of 31, a difference which is quite reli- 
able. The average percentage of driving produced 


Fig. 5.—Records taken from the left lateral geniculate 
body (1) and the left striate cortex (3) of the monkey, 
showing the effect of increasing the intensity of the 
flicker (17 cycles per second) as indicated by the 
amplitude of the response from the photoelectric cell 
(2). The driving effect is greatly augmented and 
replaces the spontaneous rhythm of the cerebral cortex. 


by all six of the colored filters was 38, as compared 
with 23.5 for the neutral filters. In other words, 
the relatively monochromatic light was approx- 
imately one and six-tenths times as effective in 
producing driving as was neutral light of the 
same luminous energy. Reversal of the sequence 
of monochromatic filters did not alter significantly 
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the relative driving effectivenes of any of them. 
A slight general tendency for increased driving 
during the forty-five minute experimental period 
is suggested, however, by the fact that on the 
average neutral light was somewhat more ef- 
fective in producing driving at the end of the 
period than at the beginning. The average per- 
centage of driving in the two occipital leads was 
20 for the second five minute interval and 27 
for the ninth five minute interval in which neutral 
light was used. 


State of Consciousness—As previously stated, 
a number of anesthetics were used. With vine- 
thene, ether and pentothal given intravenously 
the plane of anesthesia is difficult to control; 
perhaps as a result of this factor, anesthesia 
induced by these drugs was not conducive to 
photic driving. Anesthesia induced with pento- 
barbital sodium seemed to increase the percentage 
of photic driving. Diminution of consciousness 
by cerebral trauma, as in experimental concus- 
sion, also augmented driving. This is probably 
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Fig. 6—Graph showing the average effectiveness 
(percentage driving) in production of photic driving in 
7 monkeys by flickering light of different wavelengths. 
(A, auditory stimulus alone; N, neutral filter; 70-75, 
Wratten monochromatic filters equated at 4 foot 
candles. ) 


due to the fact that under these conditions the 
cortex is almost isoelectric, so that positive dis- 
charges from afferent fibers are more apparent. 


RELATION OF CORTICAL DRIVING TO 
SUBCORTICAL STRUCTURES 


‘To determine the effect of photic stimulation 
on parts of the visual system other than the 
occipital cortex, needle electrodes were placed 
in the optic nerves, the lateral geniculate body 
and the tectum mesencephali, so that simul- 
taneous recordings might be made from each of 
these structures. From the lateral geniculate 
body electrical responses were regularly obtained 
on photic stimulation of the retina at frequencies 
up to 59.1 cycles per second. At higher fre- 
quencies driving could not be elicited, although 
the activity of the lateral geniculate body was 
distinctly changed from that of the resting state. 


The responses were usually spikelike but at 
times assumed definite wave form. At times 
a frequency developed in the lateral geniculate 
body twice the rate of the retinal stimulation, 
but more often, especially at higher frequencies, 
the rate of activity in the lateral geniculate body 
was one-half that of the photic stimulation. The 
responses of the lateral geniculate body were 
augmented as the intensity of the light flashes 
was increased. We found that impulses arising 
from the contralateral eye are more effective 
in producing driving in the lateral geniculate 
body than those arising from the homolateral eye. 
This is true, also, of the striate area. The driving 
is not completely abolished, however, by cutting 
off the light source of one eye, although it is 
diminished (fig. 7). 

Optic Nerve.—The responses obtained from 
the optic nerve were similar in many respects 
to those from the lateral geniculate body (fig. 8). 
Stimuli up to 62 per second were regularly fol- 
lowed by increased activity in the nerve. In- 
crease in the photic intensities caused augmenta- 
tion of the response obtained from the nerve. 
The pattern of the response from the optic nerve 
was modified by change of frequency of photic 
stimulation, so that doubling and tripling were 
seen. It is probable that this alteration is due 
to a change in the retinal elements responding 
to the flicker. 

Tectum Mesence phali.—With needle electrodes 
in the tectum mesencephali, good driving re- 
sponses to photic stimulation were obtained. The 
amplitude of these responses was not so great 
as that of responses from the lateral geniculate 
body. That these responses were not artefactual 
—the result of pick-up of electrical spread—is 
evident from the absence of response when the 
electrode was placed in the adjacent corpus 
callosum. Wang‘ also observed “on” and “off” 
effects in leads from the superior colliculi of the 
rabbit as the result of photic stimulation of the 
retina. On a number of occasions we attempted 
to place needle electrodes in the optic radiations, 
but the responses were never satisfactory (fig. 9). 

Locus of Photic Driving.—It is evident that 
the best driving was obtained from leads on the 
occipital scalp or from leads placed directly on 
the striate cortex. However, in rare instances, 
we obtained driving from leads on the frontal 
cortex of the monkey and the cat. Usually the 
alpha rhythm of the frontal cortex remains un- 
altered by photic driving.*** This is in essential 
agreement with Toman’s observations on man.” 

Effects of Lesions of the Visual System on 
Photic Driving.—In a series of 8 monkeys, lesions 
were made in various portions of the visual sys- 
tem, including the retina, optic tracts and striate 
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cortex. In these animals it was found that photic 
driving was greatly impaired by incomplete 
lesions of any of these parts of the visual system. 
There seemed to be a relation between the 
amount of the visual system destroyed at any 
point and the diminution in driving. One inter- 
esting observation noted in this study was that 
bilateral removal of the temporal lobes without a 
lesion’s being made in the optic tract caused an 
increase in photic driving. The augmentation 
was somewhat more pronounced for the red end 
of the spectral range than for the blue, and there 
was a greater tendency for doubling to occur, 
particularly at the red end of the spectral range.** 


TYPES OF PHOTIC DRIVING 


It has already been mentioned that at times 
the cortical response to intermittent photic stimu- 
lation consists of a rhythm two or three times 
that of the rate of retinal excitation. If intermit- 
tent photic stimuli are allowed to fall suddenly 
on the retina, one encounters a peculiar hump and 
spike arrangement which persists for the first six 
or eight stimuli, after which the waves assume a 


M2 


la 


an epileptic seizure. It might be suggested that 
the convulsive state is related to an inability of 
the cerebral cortex to organize or to assimilate 
repetitive stimuli from lower centers, with pro- 
duction of this peculiar type of electroencephalo- 
graphic pattern. That the abnormality is not seen 
in the leads from the optic nerve and lateral genic- 
ulate body is probably an indication that a con- 
siderable “build-up” from the  internuncial 
neurons is required to effect the particular pat- 
tern. With the animal under deep anesthesia the 
phenomenon has not been observed. 

Bartley * found a somewhat similar response 
in the cerebral cortex to serial electrical stimula- 
tion of the optic nerve, which he suggested was 
due to the fact that only a few elements of the un- 
stimulated cortex are in the same phase of the 
cycle of excitability at the same time. A short 
retinal stimulation activating these elements may 
change the cycle of excitability of other elements 
so that after several regular serial stimulations 
they become synchronous with the originally acti- 
vated elements. 
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Fig. 7—Records from the left lateral geniculate body (1), the left optic nerve (2) and the left striate area 
(3) of the monkey, showing the effect of interrupted photic stimulation of the retina at 10 cycles per second. 
At A and D the right eye is covered, so that the light is prevented from reaching the retina, and at B and C 
the left eye is covered. At E both eyes are exposed to the flicker. 


more sinusoidal form. This peculiar hump and 
spike formation may be seen at almost any fre- 
quency, but is particularly well demonstrated 
when the frequency of the intermittent photic 
stimulus is approximately 6 per second. At 
such times, after one or two stimuli the spike is 
seen to coincide apparently with the “off” effect, 
after which there are a hump which does not ap- 
pear to coincide with either the “fon” or the “off” 
effect and another spike at the next “off” re- 
sponse Such peculiarities are not seen in the 
leads taken from the lateral geniculate body or 
the optic nerve (fig. 10). 

The peculiar pattern observed is similar to that 
obtained during the epileptic state in man. In 
fact, if one did not know that the retina was being 
photically stimulated, the electroencephalographic 
record might readily be interpreted as indicating 


14. Woolf, J. I.; Walker, A. E.; Knox, G. W., and 


Halstead, W. C.: The Effect of Lesions of the Visual 
System on Photic Driving, J. Neuropath. & Exper. 
Neurol., to be published. 


NATURE AND PROBABLE SIGNIFICANCE 
OF PHOTIC DRIVING 


It is of interest that the majority of amplitude 
maximums resulting from photic driving cluster 
within a narrow range. That this range is 
between 10.5 and 11.5 per second is of further 
interest, since it is approximately the upper 
limit of the alpha frequency for the macaque. 
It was shown by Briicke,’* in 1864 that flicker 
at 17 and 18 cycles per second with an illuminated 
surrounding field produces enhancement of ap- 
parent brightness. Bartley, ** in 1938, with a 
nonilluminated surrounding field, found that the 
maximum enhancement was reached at 8 to 10 
flashes per second. It is of interest that in man 
these frequencies correspond with the range of 


15. Briicke, E.: Ueber den Nutzeffect intermittirende 
Netzhautreizungen, Sitzungsb. d. k. Akad. d. Wissensch. 
49: 128-153, 1864. 

16. Bartley, S. H.: Subjective Brightness in Relation 
to Flash Rate and, the Light-Dark Ratio, J. seni 
Psychol. 23:313-319, 1938. 
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the alpha rhythm. Bartley stated the belief that 
the effect of enhancement of brightness (Bartley 
effect) is probably due to “resonance” at these 
frequencies. The possibility of a muscular (intra- 
ocular) origin of the Bartley effect *® was in- 
vestigated and eliminated by Halstead ** in 1941. 
Enhancement of brightness was found to be 
clearly retained in a normal subject in whom 
both the pupillary and the accommodative re- 
flexes were eliminated by scopolamine. If we 
may speculate, it seems likely that since the 
optimal driving occurs at 10.5 to 11.5 cycles 


Fig. 8.—Records from the optic nerve (ON) of the 
monkey, showing the change in response pattern as the 
frequency of photic stimulation indicated by the photo- 
electric cell (P) is increased. The time marker indi- 
cates one-sixtieth second. 


per second, this frequency may prove to be the 
region of maximal enhancement of brightness of 
intermittent light for the monkey. In view of 
the fact that photic driving is best observed under 
conditions of anesthesia or in states in which the 
generalized activity of the brain has been dimin- 
ished by some agent, the phenomenon would 
seem to require only a relatively few neurons 
for its manifestation. In other words, the phe- 
nomenon appears to be one of relatively low 
order. Whether more than the stimulation of 
the cell receiving the nerve fibers from the lateral 
geniculate body is necessary for this cortical 
driving is impossible to say, but it probably does 
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Fig. 9.—Potentials from the left lateral geniculate 
body (1) and the left anterior colliculus (2) of the 
monkey, showing the response to intermittent photic 
stimulation, as indicated by the photoelectric cell (3). 
A, shows the response to stimulation at 9 cycles per 
second, B, at 6 cycles per second. Time indicated in 
seconds at the base. 


not require many cortical circuits. The phe- 
nomenon is probably only slightly more com- 
plex than that in the optic nerve and the lateral 
geniculate body resulting from photic stimulation 
of the retina. 


17. Halstead, W. C.: A Note on the Bartley Effect 
in the Estimation of Equivalent Brightness, J. Exper. 
Psychol. 28:524-528, 1941. 


The precise nature of photic driving raises 
interesting speculations. Is the phenomenon 
merely a series of overlapping “on” effects, as 
Toman * suggested? Goldman, Segal and Se- 
galis?* maintained that this could not be the 
case, since the individual “on” effect persists 
from 0.15 to 0.18 second, which is much too 
long if driving is to occur at frequencies greater 
than 5 cycles per second. Moreover, the altera- 
tions in the pattern of the response seen in the 
optic nerve with increasing frequencies of flicker 
suggest that if the “on” response is responsible, 
it undergoes a great reorganization as the fre- 
quency is changed. The assumption of Adrian 
and Matthews® that photic driving is merely 
an alteration in the frequency of the alpha rhythm 
by intermittent light stimulation does not find 
support in Toman’s observation that the locus 
of driving is not the same as that of the alpha 


Fig. 10.—Electrocorticograms (upper tracing of 4, 
B and C) for the monkey, showing the initial spike and 
hump response to flicker stimulation of the retina, as 
indicated by the photoelectric cell (lower tracing of A, 
Band C). D, leads from the left lateral geniculate body 
(1), the left optic nerve (2) and the left striate cortex 
(3), showing the absence of a spike and hump pattern 
in the records for the optic nerve and the lateral 
geniculate body. Time is shown in seconds at the base. 


rhythm. Bartley *° stated the belief that the effect 
of intermittent photic stimulation may lie be- 
tween two extremes, the abolition ‘of existing 
alpha rhythm and the initiation of one if absent, 
the response depending on the frequency and 
intensity of the stimulus and the state of cortical 
activity. He stated that the peripheral stimula- 
tion of the cortex involves the same cortical 
elements as the alpha rhythm. Differentiating be- 


tween alpha activity and alpha rhythm—the first 


18. Goldman, G.; Segal, J., and Segalis, M.: L’action 
d’une excitation intermittente sur le rythme de Berger, 
Compt. rend. Soc. de biol. 127:1217-1220, 1938. 

19. Bartley, S. H.: Vision: A Study of Its Basis, 
New York, D. Van Nostrand Company, Inc., 1941. 
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being the particular activity of a certain group 
of cells which, when synchronized, produce the 
alpha rhythm—he expressed the belief that the 
alpha activity may be synchronized at the fre- 
quency of intermittent photic stimulation, and 
thus exhibit facilitation. Jasper *° inferred that 
the primary control of cortical rhythms may 
arise from subcortical pacemakers. He stated 
the belief that there is not a continuous driving 
but, rather, a resynchronization at certain fre- 
quencies. Our tracings of the responses of the 
optic nerve might lend support to such a con- 
ception. 

It was hoped that this form of peripheral stim- 
ulation and the resultant electroencephalographic 
modification might be utilized as a measure of 
higher cerebral function. However, since pento- 
barbital anesthesia and traumatic unconsciousness 
enhance the phenomenon, it now seems that the 
photic driving is not such an indicator. It is, 
however, of certain value as an indicator of cor- 
tical function. The fact that the cortex appears 
to show better driving for the blue end of the 
spectrum makes this method a means by which 
color vision may be determined and opens a 
field for investigation of color vision in lower 
animals without the need of depending on a 
conditioned reflex. It has recently been sug- 
gested by Clark*' that the laminated arrange- 
ment of the lateral geniculate body may be a 
neural correlate of the Young-Helmholtz tri- 
chromatic theory of color vision. He assumed 
that layers 1, 4 and 6 represent the three pri- 
mary colors for the heterolateral retina and layers 
2, 3 and 5 those for the homolateral retina. In 
2 animals ** in which lesions of the optic tract 
were made, layers 5 and 6 were relatively unde- 
generated. Yet these animals showed no selective 
photic driving to isolated portions of the spectrum 
equated for luminosity—the driving was uni- 
formly reduced. Thus this technic does not 
afford support for the hypothesis. 

The phenomenon permits one, moreover, to 
draw certain conclusions regarding the locus of 
flicker fusion. With a luminous flux of 10 foot 
candles at the eye of the animal, the optic nerve 
and the lateral geniculate body exhibit photic 
driving regularly to frequencies as high as 62 


20. Jasper, H. H.: Cortical Excitatory State and 
Synchronism in the Control of Bioelectric Autonomous 
Rhythms, in Cold Spring Harbor Symposia on Quanti- 
tative Biology, Cold Spring Harbor, L. I., New York, 
The Biological Laboratory, 1936, vol. 4, pp. 320-338. 

21. Clark, W. E.: Anatomical Basis of Color Vision, 
Nature, London 146:558-559, 1940. 


and 59 cycles per second respectively. In the 
striate cortex, on the other hand, we could never 
induce driving to frequencies above 34 cycles 
per second. Since the latter value falls within 
the range of fusion of intermittent light for the 
monkey observed by Brecher,?* it is possible 
that a fusion mechanism provided by the cortex 
constitutes a physiologic barrier to photic driv- 
ing at higher frequencies. Jasper’s** observa- 
tions that in man the cortical activity could be 
driven only to frequencies approximating the 
point of flicker fusion tend to support this hy- 
pothesis. Moreover, the rate at which inde- 
pendent stimuli could be recorded from the optic 
nerve and the lateral geniculate body, 62 and 
59 cycles per second respectively, is well above 
the maximum values for flicker fusion noted 
by Hecht and Verrijp** in man. Brecher ** 
observed that the fusion frequency for monkeys 
was several cycles per second below that for 
man. It is probable, therefore, that the mech- 
anism by which flicker fusion occurs lies within 
the cortical structures rather than in the pe- 
ripheral nerve mechanism. 


SUMMARY 


Modification of the spontaneous electrical ac- 
tivity of the cerebral cortex of cat, dog, monkey 
and man may be produced by intermittent photic 
stimulation of the retina, so that the electro- 
encephalogram obtained from the occipital cortex 
may take on a frequency synchronous with that 
of the flicker. The effect is augmented by 
increasing the intensity of the luminous flux, 
with a maximum at approximately 80 foot can- 
dles. The driving is more pronounced when 
the photic stimulus is at the blue end of the 
spectrum than when it is at the red end. The 
cortex of the macaque monkey may be made 
to follow a flicker with a frequency of 34 per 
second, but the optic nerve and the lateral genicu- 
late body will follow frequencies of 62 and 59 
cycles per second respectively. Lesions of the 
visual pathways impair photic driving. 


University of Chicago Clinics. 


22. Brecher, A.: Die Verschmelzungsgrenze von 
Lichtreizen beim Affen, Ztschr. f. vergl. Physiol. 22: 
539-547, 1935. : 

23. Hecht, S., and Verrijp, C. D.: Intermittent 
Stimulation by Light: III. The Relation Between 
Intensity and Critical Fusion Frequency for Different 
Retinal Locations, J. Gen. Physiol. 17:251-268, 1933. 
Hecht, S.: Vision: II. The Nature of the Photo- 
receptor Process, in Murchison, C.: Handbook of 


General Experimental Psychology, Worcester, Mass., 
Clark University Press, 1934, pp. 704-828. 
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POST-TRAUMATIC AND HISTAMINE 


HEADACHE 


ARNOLD P. FRIEDMAN, M.D. 
AND 


CHARLES BRENNER, M.D. 
BOSTON 


Headache is a prominent and important symp- 
tom following head trauma. It may appear after 
the slightest or the most severe injury. The 
seriousness of this symptom is extremely variable 
and is not necessarily related to the type or the 
degree of injury. Because of its frequent per- 
sistence long after the disappearance of other 
results of the injury, headache may present a 
difficult and distressing problem both to the 
patient and to the physician. 

Little is known of the mechanism of traumatic 
headache. Among the explanations that have 
been offered * are increased intracranial pressure, 
dilatation of the ventricular system, adhesions 
between the dura and the arachnoid, vasomotor 
instability, muscle spasm and dilatation of the 
arteries in the scalp and dura mater. 

In this study we have attempted to approach 
the problem of the mechanism of post-traumatic 
headache by a study of its relation to the head- 
ache produced by the administration of hista- 
mine. The precise mode of action of this drug, 
which is known to produce headache in normal 
persons, has been the subject of previous study ; 
it seemed reasonable, therefore, that if its admin- 
istration did in fact reproduce or influence post- 
traumatic headache, some deductions might be 
drawn concerning the physiologic mechanism of 
this form of headache. 


Histamine is a powerful vasodilator of ar- 
terioles and capillaries in general throughout 
the body, and in particular of the vessels of the 
brain and meninges.? Pickering and Hess,* in 
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Neurologic and Psychiatric Aspects, Arch. Neurol. & 
Psychiat. 31:893 (May) 1934. 
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their experiments, found that within a few 
seconds after the intravenous injection of 0.1 
mg. of histamine phosphate in normal subjects 
the systemic blood pressure fell and the cerebro- 
spinal fluid pressure rose. While these changes 
were subsiding and the blood pressure was rising 
to normal, headache developed. Furthermore, 
they showed that the headache might be relieved 
either by raising the intracranial pressure or by 
abruptly lowering the blood pressure. 

Wolff and his co-workers * concluded that the 
mechanism of histamine headache is a stretching 
and dilatation of the pial and dural arteries and 
their surrounding tissues. These authors ex- 
pressed the belief that the vessels chiefly respon- 
sible for histamine headache are the cerebral 
arteries, particularly the larger ones at the base 
of the brain, and that the extracranial and dural 
arteries play a minor role in contributing to the 
pain of this form of headache. 

Of interest is the observation of Clark and his 
co-workers ** that in a given subject after the 
injection of a vasodilator agent which caused 
headache (histamine) the distortion of the intra- 
cranial vessels was nearly twice that following 
another vasodilator agent (carbon dioxide) 
which caused no headache. 

Northfield ® also stated the opinion that hista- 
mine headache depended primarily on an altera- 
tion in the caliber and tension of the intracranial 


3. Pickering, G. W.: Observations on Mechanisms 
of Headache Produced by Histamine, Clin. Sc. 1:77, 
1933. 

4. (a) Clark, D.; Hough, H., and Wolff, H. G.: 
Experimental Studies on Headache: Observations on 
Histamine Headache, A.’Research Nerv. & Ment. Dis., 
Proc. (1934) 15:417, 1935. (b) Schumacher, G. A., 
and Wolff, H. G.: Experimental Studies on Head- 
ache: Contrast of Histamine Headache with Headache 
of Migraine and That Associated with Hypertension, 
Arch. Neurol. & Psychiat. 45:199 (Feb.) 1941. (c) 
Schumacher, G. A.; Ray, B. S., and Wolff, H. G.: 
Experimental Studies on Headache: Further Analysis of 
Histamine Headache and Its Pain Pathways, ibid. 
44:701 (Oct.) 1940. (d) Kunkle, E. C.; Ray, B. S., 
and Wolff, H. G.: Experimental Studies on Headache, 
ibid. 49:323 (March) 1943. 

5. Northfield, D. W. C.: 
Headache, Brain 61: 133, 1938. 
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Data on Twenty-Two Patients with Post-Traumatic Headache Who Were Given 


Injections of Histamine 


1 
2 


~ 


12 


14 


16 


17 


18 


19 


21 


Time Between 
Injury and 
0. 


Test 
16 days 
3% mo. 


5 days 
8 weeks 
11 mo. 


6 mo. 


2 mo. 
6% mo. 


6 weeks 


13 mo. 


2 days 


5 days 


2 days 


1 year 


14 mo. 


13 mo. 
9 mo. 
1 year 
7 mo. 
10 mo. 


1 year 


1 year 
11 mo. 


Time 
Since Last 
Headache 


8 days 
Few days 


lday 
Few days 
Few days 


Few days 


1 day 
5 mo. 


Few days 


5 mo. 


1 day 


1 day 


Headache 
today 


Few days 


Now present 


1 week 


2 days 


1 day 


Few days 


Few days 


2 weeks 


Few days 
Few days 


Pretraumatic 
Headache 


None 
None 


None 
Occipital 
None 


None 


Dull; frontal 
None 


Generalized, 
worse in 
frontal area 


None 


None 


None 


None 


None 


None 


None 


None 


None 


Occipital and 
occasionally 
frontal 


None 


None 


Bifrontal 
None 


Post-Traumatic 
Headache 


Throbbing; bioccipital 


Sharp, shooting; 
occipital, worse on 
right side 


Sharp pain; first fron- 
tal, later occipital 


Throbbing; fronto- 
parietal 


Bifrontal, with some 
spread to left parietal 


Mainly occipital; some 
frontal, and remnants 
in both temples as it 
disappears 


Frontal, worse on left 
side 


First bifrontal, then 
in left temporal area 


Parietal and frontal 
on left side 


Bifrontal or bifrontal 
and occipital 


Left frontal ache, chiefly 
about region of scar, 
with some radiation to 
right frontal region 


(1) Pounding, bifrontal 
ache for 48 hr. after 
trauma; (2) occasional 
ache in left frontotem- 
poral area during second 
48 hr.; (3) occasional gen- 
eralized headache; (4) 
orbital pain on day of 
recording 


Throbbing, bifrontal 
ache; pain now all gone 
except for trace of 
distomfort at upper 
margin of orbits 


Bifrontal, sharp, inter- 
mittent ache 


Throbbing, bifrontal, 
worse over right eye 


Bitemporal and bifron- 
tal, localized particu- 
larly over left eye 
(region of scar) 


(1) Bioecipital; (2) 
bifrontal and/or bitem- 
poral; (3) generalized 


(1) Region of scar— 
left parieto-occipital, 
and left frontal; (2) 
bitemporal 

First over right eye 
(region of scar) and 
then bifrontal 

Severe bifrontal, throb- 
bing ache, with feeling 
of hatband constriction 
Severe bifrontal, throb- 
bing ache, with feeling 
of hatband constriction 
Bioccipital 


(1) Frontoparietal for 
first 8 mo.; (2) parieto- 
occipital for past 3 mo. 


Histamine 
Headache 
Throbbing; bioccipital 


Steady pain in 
occiput; worse on 
right side 


None 


Throbbing; fronto- 
parietal 


Bifrontal 


Mainly occipital; some 
frontal, and remnants 
in both temples as it 
faded 


Frontal, worse on left 
side 


None 


Parietal and frontal 
on left side 


Bifrontal and occipital 


Left frontal ache, chiefly 
about region of scar 


Pounding, bifrontal 
adache 


Throbbing, bifrontal 
ache, which lingered 
longest at upper margin 
of orbits 


Bifrontal, throbbing 
ache 


At first throbbing, 
bifrontal ache, local- 
izing over right eye 
as it faded 


Bitemporal and bifron- 
tal, especially over 
left eye 


Bifrontal and bitem- 
poral 


Left frontal and region 
of scar 


Slight bifrontal ache, 
lasting about 1 minute 


Severe bifrontal, throb- 
bing ache, with feeling 
of hatband constriction 


No ache 


Bioccipital 
Biparietal 


Comment * 
Reliable witness 
Good witness 


Weight “4 pounds 


Fair witness 
Good witness 


Very reliable witness 


Good witness 
Good witness 


Fair witness 


Good witness 


Good witness 


Good witness. Patient 
has had a variety of 
post-traumatic pains 
in head 


Accurate witness 


Fair witness. Patient 
said histamine head- 
ache was like one of 
the post-traumatic 
aches ‘‘when they’re 
going away” 
Excellent witness. His- 
tamine ache at height 
was like pain when 
was first 
rought to hospital; 
later it resembled her 
more recent post- 
traumatic aches 


Good witness 


Poor witness; patient 
suggestible 


Poor witness, but 
record was substituted 
for her report 


Reliable witness 
Good witness 


Good witness 


Excellent witness 
Good witness 


* With special reference to the reliability of the patient’s report. 
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blood vessels. By injecting histamine into the 
internal and external carotid arteries on the 
same side, he showed that homolateral headache 
developed when injection was made into the 
internal carotid artery but that no headache was 
produced by injection into the external carotid 
artery. The rapidity with which the headache 
developed in some instances and its restriction 
to the side and site of the injection suggested 
that this form of experimental headache de- 
pended primarily on an alteration in caliber and 
tension of the cerebral vessels, and not on 
changes in the arteries supplying the dura. 

Von Storch * gave histamine intravenously to 
74 patients and attempted to determine the 
minimum dose which would cause headache. 
He observed that patients with migraine were 
most susceptible, that patients with chronically 
recurring headaches of other sorts were some- 
what less so and that patients who rarely or 
never had headache were least susceptible. All 
headaches produced by histamine in his patients 
were bilateral, though in a few of the patients 
with migraine the histamine headache was worse 
on the side of the usual hemicrania. 


METHOD 


The tests were carried out on hospital or ambulatory 
patients who had had an injury to the head, followed 
by headaches of varying duration and intensity. Each 
subject was asked in detail about his post-traumatic 
symptoms. In particular, the location, character, dura- 
tion, frequency and severity of the headaches were 
ascertained. The subject was not told to expect a 
headache from the injection but was informed that any 
unpleasant symptoms which might result would be only 
transitory. The pulse and blood pressure for the resting 
state were then determined with the subject supine, 
and 0.1 mg. of histamine base (0.275 mg. of histamine 
diphosphate) was injected intravenously. The subject 
was then told to report anything he felt or tasted. In 
addition, he was questioned about his symptoms from 
time to time. The systolic blood pressure was de- 
termined every few seconds for the first two minutes 
after the injection and once or twice thereafter. If a 
headache developed, the subject was asked to sit up for 
thirty seconds, and the effect of the change of posture 
was noted. In most cases the effect of his lying supine, 
with the head hanging down over the edge of the table, 
was also observed. These postural maneuvers were 
performed not sooner than two minutes after the in- 
jection of histamine. 

No patient with a history of asthma was given 
histamine, nor was it given to pregnant or menstruat- 
ing women, in view of the known action of histamine 
on the smooth muscle of the bronchi and the uterus.” 


6. von Storch, T. J. C.: Relation of Experimental 
Histamine Headache to Migraine and Nonmigraine 
Headache, Arch. Neurol. & Psychiat. 44:316 (Aug.) 
1940. 


RESULTS 


Twenty-two patients were tested in the man- 
ner described (table). In 2 patients no head- 
ache developed after the injection. In 13 of the 
remaining 20 patients the histamine headache 
accurately reproduced the type and location of 
the post-traumatic headache of which the patient 
had complained. Four patients had had several 
types of post-traumatic headache, one of which 
in each patient was reproduced by injection of 
histamine. In 2 patients the headache produced 
by injection of histamine differed slightly in dis- 
tribution from the characteristic post-traumatic 
headache. In 1 patient the distributions of the 
two types of headache were identical,. but the 
quality was described as differing. 

This observation was the more surprising in 
that headache following intravenous injection 
of histamine has been described *” as uniformly 
bilaterally symmetric and generally frontal (i.e., 
bifrontal). It will be recalled that von Storch * 
encountered no cases of unilateral histamine 
headache, even in patients subject to attacks 
of hemicrania. In our series, as shown in the 
table, the site of the histamine headache varied 
considerably from patient to patient; indeed, in 
7 patients it was exclusively or significantly 
lateralized, in each to the region of the head 
which had been struck at the time of injury. 

The effect of change of posture during the 
histamine headache was also of interest (tabu- 
lation). 


Headache Headache No 


Doubtful 
Position Better Worse Change Change 
Patient sitting up...... ll 1 3 4 
Patient lying supine, 
with head down over 
edge of table.......... 6 3 5 3 


The most striking changes were those ex- 
hibited by a few patients whose headaches almost 
or quite disappeared on rising from the supine 
to sitting position, only to return on their lying 
down again. In most patients the change in 
posture produced only a slight alteration in the 
severity of the histamine headache. 

The changes in systolic blood pressure follow- 
ing injections of histamine are shown in the 
figure for 11 of our patients, in all of whom 
histamine headache developed. Two points will 
be noted: First, the average secondary rise in 
systolic pressure was only 4 mm. of mercury 
less than the average initial fall, and, second, 
the headache began during the rise in systolic 
pressure. Since most patients did not report 
their headaches until shortly after their actual 
onset, while we recorded the symptoms in each 
case as occurring at the time the patient first 
spoke of it, we feel that the average time shown 
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in the graph (sixty-nine seconds after injection) 
is probably too high by several seconds. 

Five healthy young adults were also given 
0.1 mg. of histamine base intravenously. This 
was done to assure ourselves that the secondary 
rise in blood pressure just mentioned was not 
peculiar to patients who had suffered head in- 
jury, since some authors’ have asserted that 
the post-traumatic syndrome is due to vasomotor 
instability. The course of the systolic blood 
pressure in these 5 control subjects did not vary 
significantly from that of the 11 patients with 
injuries to the head, as shown in the figure. 
Moreover, the headache developed in each sub- 
ject as the blood pressure was rising, and in 
3 of the 5 subjects the headache was relieved on 
his rising to a sitting position. 


29 Rise IN SYSTOLIC 
BLOOD PRESSURE 


FALL IN SYSTOUC 
PRESSURE He 


Changes in blood pressure following intravenous in- 
jection of 0.1 mg. histamine base (0.275 mg. histamine 
diphosphate) in 11 patients with post-traumatic head- 
ache (solid line) and in 5 normal controls (broken 
line). The average time of onset of headache after the 
injection in the 11 patients with post-traumatic headache 
was sixty-nine seconds. 


COMMENT 


The most clearcut and striking result of these 
experiments is the fact that the intravenous 
injection of histamine produced in the majority 
of our patients a headache which was an exact 
duplicate in location and character of the head- 
ache from which each had suffered after head 
injury. This result was particularly significant 
in those patients with asymmetric or unilateral 
post-traumatic headache which was accurately 
reproduced by histamine. To our knowledge, 
the intravenous injection of histamine has not 
been reported to produce unilateral headache in 
any other group of patients except those with 
unilateral division of the trigeminal nerve.* It 


7. Bremer, F.; Coppez, H.; Hicquet, G., and Martin, 
P.: Le syndrome commotionel tardif dans les trau- 


matismes fermés du crane, Rev. d’oto-neuro-opht. 10: 
161, 1932. 


is reasonable to conclude, therefore, that in our 
patients histamine activated the physiologic 
mechanism which was involved in the produc- 
tion of the post-traumatic headache. 

At this point we may digress for a moment to 
discuss the mechanism of histamine headache 
itself. Pickering * described it as follows: 


The first phase is one in which dilatation of the 
small vessels predominates and in which the intra- 
cranial arteries, though probably relaxed, are prevented 
from dilating by the fall of arterial pressure inside and 
the rise of intracranial pressure outside. During the 
second phase the arterial and intracranial pressures 
return to normal as dilatation of the small vessels 
subsides, and coincidently the larger intracranial 
arteries, whose walls are still relaxed, expand; it is this 
expansion which seems to give rise to headache. 


To this description we would add the fact 
observed by us that after the injection of hista- 
mine there is a significant late rise in systolic 
blood pressure, a rise which, of course, also 
operates to distend the already relaxed intra- 
cranial arteries. This increase in blood pressure 
was observed both in healthy subjects and in 
patients with a head injury. 

It seems, moreover, that this increase in blood 
pressure is a secondary, rather than a primary, 
result of the injection of histamine, since it has 
been observed that the continuous administration 
of histamine intravenously does not produce such 
an increase (Weiss, Robb and Ellis®). We 
venture to suggest, therefore, that the primary 
changes produced by the injection of histamine 
elicit reflexly a response of the sympathetic 
nervous system, a reaction which is, in fact, the 
cause of the secondary rise in blood pressure 
and which is therefore related to the production 
of histamine headache. 

Wolff, as well as Pickering and Hess, stated 
that histamine headache can be temporarily 
abolished by any procedure which raises the 
intracranial pressure, and the two latter authors 
added that the headache is made worse by a 
decrease in the cerebrospinal fluid pressure. 
Our observations on the effect of posture are 
difficult to reconcile with these statements, since 
in a majority of our patients the headache was 
relieved somewhat by the subject’s sitting up 
(which greatly lowers intracranial pressure), 
and in a few instances the relief, thus obtained 
was striking. 

Some kinds of post-traumatic headache are 
closely related to psychoneurotic anxiety states, 
and are possibly part of an anxiety reaction. 


8. Pickering, G. W.: Experimental Observations on 
Headache, Brit. M. J. 1:907, 1939. 

9. Weiss, S.; Robb, G. P., and Ellis, L. B.: Systemic 
Effects of Histamine in Man with Special Reference to 
Responses of Cardiovascular System, Arch. Int. Med. 
49:360 (March) 1932. 
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Headaches which appear clearly to be of this type 
are ordinarily bilateral frontal, occipital or gen- 
eralized aching of a kind difficult to distinguish 
from the usual histamine headache. Our obser- 
vations, therefore, have application more partic- 
ularly to unilateral post-traumatic headache, 
often at the site of impact of the injury, and with 
reasonable presumption of damage to the brain 
or the meninges at that site. In 3 of the 4 
patients in whom a unilateral feature of the 
headache was not reproduced by histamine, the 
interval after injury was long, and the remain- 
ing patient had more than one kind of headache 
at a very early stage after the injury to the 
head. 

The reproduction of the post-traumatic head- 
ache by injection of histamine indicates per- 
sisting and localized increase of vascular sensi- 
tivity following trauma. Various possibilities 
suggest themselves. For example, the arteries 
may be toneless and relaxed, so that a rise in 
blood pressure distends them unduly, with pro- 
duction of pain, or, conversely, the nerve endings 
may be unduly sensitive, so that changes in the 
caliber of the vessels which would not ordinarily 
cause pain now do so. Or, again, there may be 
edema of the perivascular tissue itself, so that 
an increase in the size of the vessel acts, for this 
reason, as a more powerful stimulus to the nerve 
endings. Whatever the exact changes produced 
by trauma, our results seem to furnish evidence 
for the assumption that some change does take 
place in or about the intracranial vessels which 
either facilitates or renders more painful the 
distention of the vessels with blood. We wish to 
emphasize that this hypothesis attempts to de- 
scribe only the mechanism of post-traumatic 
headaches, not their cause. In our experiments, 
for example, this mechanism was activated by 
the intravenous injection of histamine, and it 
was this injection which caused the headache. 
We have attempted here only to explain how 
it did so. 

As yet we have follow-up data on only a few 
patients to whom we gave histamine. However, 
3 of the patients who had had incapacitating 
headaches for many months after their injury 
have reported decided diminution in frequency 
artd severity of the headaches since the injection. 
Two other patients with similar conditions had 
no relief of headache after the injection. En- 


couraging results with patients who received 
histamine within a week or two after their injury 
are naturally of less significance, since post- 
traumatic headache commonly subsides early and 
might well have been expected to disappear in 
any event. 

We feel that the results of these experiments 
are of considerable interest from a theoretic and 
a practical point of view and that they warrant 
further study which will be directed to the eluci- 
dation of the physiologic problems which they 
raise, as well as to the investigation of the 
therapeutic possibilities of injection of histamine 
for post-traumatic headache. 


SUMMARY 


Twenty-two patients with a history of head- 
ache following injury to the head received 0.1 
mg. histamine base (0.275 mg. of histamine 
diphosphate) intravenously. 

Headaches were produced by this injection 
which in 13 patients were identical with the post- 
traumatic headaches in character and_ location 
and in 3 patients were strikingly similar. In 2 
patients headache failed to develop. 

The prompt decrease in systolic blood pressure 
after the injection of histamine was followed by 
a secondary rise which was nearly as great (22 
and 18 mm. of mercury respectively). This rise 
was probably due to a response of the sympa- 
thetic nervous system produced reflexly by the 
primary changes incident to the injection of 
histamine. 

Headache appeared as the blood pressure was 
rising. 

The majority of the patients with histamine 
headache obtained some (occasionally striking) 
relief by sitting upright. This is inconsistent 
with reports in the literature that lowering of the 
intracranial pressure of the cerebrospinal fluid 
aggravates histamine headache. 

It is possible that the injection of histamine 
activates the physiologic mechanism which is 
involved in the production of some types of post- 
traumatic headache. 

The possibility that the injection of histamine 
may influence favorably the symptom of post- 
traumatic headache is suggested by results in 
some of our patients. 


Neurological Unit, Boston City Hospital. 
818 Harrison Avenue. 
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MULTIPLE TRANSFUSIONS FOR SCHIZOPHRENIA 


ARNOLD Z. PFEFFER, M.D. 
Assistant Surgeon (R), United States Public Health Service 
LEXINGTON, KY. 


AND 


MICHAEL J. PESCOR, M.D. 
Senior Surgeon, United States Public Health Service. 
SPRINGFIELD, MO. 


This experiment was undertaken to determine 
the efficacy of treating schizophrenic patients by 
replacement, within practical limits, of their 
blood with that of normal donors. As far as 
could be determined, an identical procedure has 
not been applied previously, although administra- 
tion of blood and blood constituents has been 
tried in somewhat different ways. 

The rationale of the experiment is as follows: 
Cellular function depends on the structural 
integrity of the cell, an adequate supply of 
oxygen and nutrients and the ability of the cell 
to convert the raw products into essential com- 
ponents of itself or into the specific energy 
underlying its activity. To the best of current 
knowledge, the brain cells maintain their struc- 
tural integrity in schizophrenia. Therefore, there 
is the possibility that schizophrenia is due to 
faulty metabolism of the brain cells, either 
because of a lack of certain essential substances 
er because of the presence of toxic products 
which interfere with metabolism. 

A review of the literature reveals considerable 
evidence that cerebral oxidation is abnormal in 
schizophrenia. One of us (M. J. P.) noted the 
resemblance between the clinical picture of 
schizophrenia and that of anoxemia in normal 
persons.’ It was pointed out that the following 
symptoms are present in both conditions: de- 
creased psychomotor activity, impairment of 
thought and speech, emotional flattening or un- 
controllable excitement, lack of judgment and 
insight, cyanosis, diminished sensibility to pain, 
headache and disturbed sleep. 

However, the brain of the schizophrenic 
patient receives and removes from the blood 
normal amounts of oxygen.* This, then, sug- 


From the United States Public Health Servic 
Hospital, Lexington, Ky. ; 
1. Pescor, M. J.: Deficient Metabolism as an Eti- 
a Factor in Schizophrenia, Hosp. News 8:1-40, 

1. 

2. Hinsie, L. E., and otliers: The Treatment of 
Dementia Praecox by Continuous Oxygen Adminis- 
tration in Chambers and Oxygen and Carbon Dioxide 
Inhalations, Psychiatric Quart. 8:34-71, 1934. 
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gests that if cerebral oxidation is at fault, the 
defect is in the mode of cerebral utilization, 
rather than in the supply, of oxygen. Any 
faulty cerebral oxidation might be due to the 
absence of an essential enzyme, or perhaps the 
presence of an antienzyme. 

Tomasson,? in a study of glutathione, a 
catalytic-oxidative agent, reported that in some 
schizophrenic patients the concentration of the 
substance in venous blood is the same as that 
in arterial blood. Ljungberg,‘ likewise, observed 
that patients with long-standing schizophrenia 
differ significantly from normal persons in the 
glutathione content of the blood. 

Wortis ° investigated the possibility that cere- 
bral oxidation may be suspended through the 
depletion or destruction of certain substances 
contained in whole blood. This was suggested 
by the clinical observation that severe coma 
subsequent to insulin hypoglycemia is alleviated 
by blood transfusions. In vitro studies were 
undertaken to test the effect of certain constitu- 
ents of the blood on the survival and revival of 
cerebral oxidation. Minced brain of adult 
white rats was used for the purpose. Briefly, 
the results were as follows: (1) The oxidation 
curve flattened off in approximately six hours; 
(2) the addition of dextrose failed to revive 
cerebral oxidation after this period; (3) the 
addition of serum and dextrose produced an 
appreciable revival of oxidation, and (4) addi- 
tion of serum to the preparation at the begin- 
uing of the experiment prolonged the period of 
oxidation. 

These citations from the literature suggest the 
possibility of effecting improvement in the brain 
cell metabolism of the schizophrenic patient by 
replacement of his blood with that of normal 


3. Tomasson, H.: Somatic Treatment of Schizo- 
phrenia, Acta psychiat. et neurol. 11:771-795, 1937. 

4. Ljungberg, E.: The Glutathione Content of the 
Blood in Schizophrenia, Acta. psychiat. et neurol. 11: 
369-378, 1937. 

5. Wortis, J.: The Effect of Serum on the Survival 
and Revival of Brain Oxidations, Federation Proc. 1: 
96, 1942. 
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donors. Such replacement may ,add factors lack- 
ing in the blood of the patient or may remove 
harmful factors. Since the blood transports all 
the essential ingredients for, and carries away 
toxins which may interfere with, cell metabolism, 
the blood seems to be one possible point for an 
approach to the problem of schizophrenia. 
Goldbladt and Krapiwkin * treated 12 schizo- 
phrenic patients with single transfusions of blood, 
using as donors 7 healthy persons and 5 schizo- 
phrenic patients whose disease was in remission 
or was greatly improved. Beneficial effects 
were noted in 8 patients, 3 of whom recovered 


NEUROLOGY 


AND PSYCHIATRY 


hematoporphyrin has been used in treatment of 
depressions and retardation with encouraging 
results. They stated that there is considerable 
chemical research and animal experimentation to 
indicate that this substance has a favorable effect, 


METHOD 


The blood replacement technic was used with a few 
patients as a preliminary experiment to determine 
whether the results would warrant continuation of the 
investigation. 

The present report is based on the treatment of 6 
such patients. Blood donors were recruited from non- 
psychotic, narcotic addicts without “active habits” who 


Observations on Six Patients with Schizophrenia Treated by Blood Transfusions 


‘Case number....... 


1 (D. S. L.) 2 (W. H. M.) 3 (S. H.) 4 (M. O. PF.) 5 (J. D.) 6 (H. E.) 
AGG, FOREB..0000c000 27 24 28 24 32 31 
Duration of illness, 
eee 9 14 13 12 16 18 
Status prior to Schizophrenia Schizophrenia Schizophrenia Schizophrenia Schizophrenia Schizophrenia 
treatment (paranoid) (hebephrenic) (catatonic) (mixed type) (with endocrine (mixed type) 
manneristic; unkempt; cataleptic; unkempt; dysfunction) unkempt; 
hallucinatory; preoccupied; untidy; apathetic; unkempt; irrelevant; 
extremely silly; mute; retarded; retarded; delusional; 
delusional; stereotyped; negativistic; delusional; irreyelant; hallucinatory; 
disoriented; incoherent; tube fed hallucinatory; delusional; disoriented; 
without insight; retarded disoriented: without insight; without insight; 
inappropriate without insight inappropriate inappropriate 
affect affect; impaired  afiect 
judgment 
Weight, pounds.... 130 155 108 135 105 135 
Blood removed, ‘ 
6.10 5.05 4.30 4.50 3.55 2.50 
Blood replaced, 
Dbecstah<eees 7.00 5.10 5.35 5.45 4.62 2.25 
Number of trans- 
| eee 6 6 6 6 7 3 
Treatment period, 
berdseekedexe 10 7 8 8 10 9 
Reactions.......... Fever (39.2 C., After second Mild shock fol- Shock following Mild shock fol- Fever (39.2 C., 
oral) transfusion; lowing removal removal of 0.55 lowing removal oral) 
marked tremor of 0.35 liters of liters of blood; of 6 liters of 
of leg, negative blood; multiple fever (39.0 C., blood; fever 
Babinski sign, wheals following oral) after first (37.8 C., oral) 
patellar reflexes transfusions and sixth trans- after first 
increased fusions; second transfusion 
transfusion 
followed by 
allergic response 
| ere Gradual remis- No improve- No improve- No improve- No improve- No improve- 
sion in 4 weeks ment ment ment ment ment 
sions (each 1 ‘later patient im- interrupted by 
liter) first day proved greatly influenza; trans- 
following single fusions discon- 
electric shock tinued (difficulty 
(probable sponta- in cross match- 
neous remission) ing blood) 
cumpletely. Pascal and Davesne’ treated 6 constitute the majority of the patients at the United 


patients with intramuscular injections of whole 
blood taken from schizophrenic patients whose 
disease was in remission. Two of the treated 
patients recovered, and the condition of 3 was 
improved. Strecker and Ebaugh ® stated that 


6. Goldbladt, H., and Krapiwkin, A.: Therapeutic 
Experiments with Blood Transfusions in Schizophrenia, 
Psychiat.-neurol. Wcehnschr. 34:638-642, 1932. 

7. Pascal and Davesne, J.: Hemotherapy in Mental 
Disorders, Presse méd. 33:1126-1128, 1925; abstracted, 
J. A. M. A. 85:1096 (Oct. 3) 1925. 

8 Strecker, E. A., and Ebaugh, F. G.: Practical 
Clinical Psychiatry, Philadelphia, The Blakiston Com- 
pany, 1942. 


States Public Health Service Hospital at Lexington. 

Blood in amounts of 0.35 to 1 liter was removed from 
each donor with a vacuum apparatus, and 0.4 to 1 liter 
was withdrawn from the psychotic subjects. The donor’s 
citrated blood, which had been filtered and kept at 
room temperature, was infused intravenously. The 
interval between removal of the patient’s blood and 
replacement with donor blood varied from ten to sixty 
minutes. 

Recipients were observed for immediate and delayed 
transfusion reactions. If a reaction occurred, succeeding 
transfusions were postponed until the patient had been 
asymptomatic for twenty-four hours. The donors were 
of the same blood group as the recipients, with 1 
exception. This patient, in blood group B, had as his 
last donor one in group O. 
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Psychiatric examinations were made in accordance 
with a rating code covering the following factors: 
personal appearance, motor activity, facial expression, 
accessibility, stream of talk, character of speech, emo- 
tional status, content of thought, orientation, memory, 
intellectual integrity, judgment, insight, physical signs 
and general impression. Examinations were made im- 
mediately preceding the first transfusion, immediately 
after the transfusions were completed and at weekly 
intervals thereafter for at least four weeks. 

In addition, ward attendants recorded their observa- 
tions in accordance with a rating code covering the 
following factors: diet, sleep, dress, disposition, adverse 
behavior, sociability, productions, strange experiences, 
work, recreation and general impression. These observa- 
tions were recorded at the same intervals as were the 
results of the psychiatric examinations. 


RESULTS 


A résumé of the pertinent observations on 
each patient is presented here. 


Case 1.—D. S. L., a white man aged 27, a former 
soldier, had a history of illness prior to transfusions of 
approximately nine months. At an Army hospital a 
diagnosis of dementia precox was made. The medical 
staff of this institution (Public Health Service Hos- 
pital) agreed on a diagnosis of schizophrenia, paranoid 
type. 

Mental Status Prior to Hemotherapy.—The patient 
was fairly neat. Psychomotor activity was decreased ; 
he was manneristic; his facial expression was vacuous, 
and he answered only direct questions and muttered 
under his breath. Speech was extremely slow, with 
little spontaneity. There were discrepancy between 
thought content and affect, persecutory delusions and 
auditory hallucinations. He was disoriented for place, 
showed defective judgment and had no insight. The 
intelligence quotient was 88 by the Wechsler-Bellevue 
scale. He was quartered in the ward for patients with 
disturbed mental conditions. The results of the Ror- 
schach test were typical of schizophrenia. 


Period of Transfusions—The weight was 130 pounds 
(59 Kg.). A total of 6.1 liters of the patient’s blood 
was removed and replaced by 7 liters of blood from 
normal donors, given in six transfusions over a period 
of ten days. The course of transfusions was discon- 
tinued for four days after the first transfusion because 
the patient had an elevation of temperature to 39.2 C. 
(102.5 F.). The patient became more -aggressive and 
active after the fever subsided. 


Mental Status Immediately After Course of Trans- 
fusions—The patient seemed more aggressive, talked 
louder and had increased spontaneity of speech. No 
other changes were noted. 


Result—The first signs of definite improvement 
occurred two weeks after the last transfusion. It was 
noted that he was becoming more coherent and aggres- 
sive. A complete remission of symptoms was present at 
the end of four weeks. The patient was discharged 
to his home six weeks after the last transfusion. 


CasE 2—W. H. M., a white man aged 24, a 
former soldier, had a history of illness prior to trans- 
fusions of approximately fourteen months. In 1938 a 
diagnosis of psychoneuroses, hysterical type, was made, 
while he was enrolled in a CCC camp. At an Army 
hospital the diagnosis of schizophrenia was made. The 
medical staff of this institution agreed on a diagnosis 
of schizophrenia, hebephrenic type. 


Mental Status Prior to Hemotherapy—tThe patient 
was untidy and constantly paced the ward, laughing 
and counting on his fingers. He was irrelevant, re- 
tarded and inaccessible and had no interest in ward 
routine or occupation of any kind. Psychometric ex- 
aminations could not be given because of lack of 
cooperation. 


Period of Transfusions—The weight was 155 pounds 
(70.3 Kg.). A total of 5.05 liters of the patient’s blood 
was removed and replaced by 5.1 liters of blood from 
normal donors, given in six transfusions over a period 
of seven days. After the second transfusion a tremor 
developed in the left leg, and the patellar reflexes were 
increased. The Babinski sign was negative. Immediately 
after removal of blood he laughed and mumbled to 
himself more than previously. This reaction occurred 
each time after removal of blood. 


Mental Status Immediately After Course of Trans- 
fusions—The patient answered direct questions but 
showed considerable blocking of thought and irrelevancy, 
mumbled to himself and had inappropriate, affect. 
Delusions and hallucinations were elicited. He would 
not cooperate on tests of sensorium but had sufficient 
insight to realize that “something was wrong” with 
his mind. 

Results—No significant change in the patient’s mental 
status was noted. 


Case 3—S. H., a white man aged 28, a former 
soldier, had a history of illness prior to transfusions of 
approximately thirteen months. He had been hospital- 
ized prior to entering the Army, from 1934 to 1937, 
for schizophrenia, catatonic type. The diagnosis at the 
referring Army hospital was dementia precox, catatonic 


type. The diagnosis was confirmed by the medical 


staff at this institution. 

Mental Status Prior to Hemotherapy—The patient 
was extremely untidy, maintained a catatonic pose, was 
totally inaccessible and had an expfessionless face. He 
was unable to take care of any of his personal needs and 
had to be fed by tube. He was physically emaciated. 
Psychometric examinations could not be given. With 
use of sodium amytal the patient emerged for a tran- 
sient period as well oriented and only slightly intel- 
lectually impaired. 

Period of Transfusions——The weight was 103 pounds 
(46.7 Kg.). A total of 4.3 liters of the patient’s blood 
was removed and replaced by 5.35 liters of blood from 
normal donors, given in six transfusions over a period 
of eight days. On the second day the patient went 
into mild shock, after the removal of 0.35 liter of 
blood. His veins collapsed so that no more blood could 
be taken. On succeeding days 1 liter of isotonic solution 
of sodium chloride was infused before the blood was 
taken. On his receiving donor’s blood large wheals 
developed over his entire body, but he showed no other 
reaction. No change in his mental condition occurred. 

Mental Status Immediately After Course of Trans- 
fusions—The mental status was unchanged. 

Result—The mental condition was not improved. 

Case 4.—M. C. F., a white man aged 24, a former 
soldier, had a history of illness prior to transfusions of 
approximately twelve months. The diagnosis at the 
referring Army hospital was psychosis with mental de- 
ficiency. The medical staff of this hospital agreed on a 
diagnosis of schizophrenia, mixed type, with deteriora- 
tion. 


Mental Status Prior to Hemotherapy.—The patient 
was somewhat careless about his personal appearance. 
No abnormality of motor activity was apparent. He 
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was apathetic and answered direct questions only. He 
had hallucinations and delusions, was disoriented for 
time, place and person, showed a memory defective 
for both rernote and recent events, manifested consider- 
able impairment of judgment, and had no insight. The 
intelligence quotient was 52 on the Wechsler-Bellevue 
scale. 

The Rorschach examination indicated schizophrenia 
with moderate deterioration. The patient’s behavior 
in the ward was as follows: He ate little and showed 
no interest in work or recreation. He had to be urged 
to take a bath. He was very quiet. He sat with other 
patients but seldom spoke. 


Period of Transfusions—His weight was 135 pounds 
(61.2 Kg.). A total of 4.5 liters of the patient's 
blood was removed and replaced by 5.45 liters of blood 
from normal donors, given in six transfusions over 
a period of eight days. On the first day the patient 
went into mild shock, after the removal of 0.55 liter 
of his blood. Thereafter isotonic solution of sodium 
chloride was infused before the removal of blood. After 
the first and the last transfusion he had an elevation 
of temperature to 39 C. (102.2 F.), which lasted 
several hours. The second transfusion was followed by 
edema of the face, and the third, by erythema and itch- 
ing. These reactions, which occurred approximately 
two hours after the transfusions, were promptly re- 
lieved by administration of epinephrine. No changes 
in the mental status were noted. 

Mental Status Immediately After Course of Trans- 
fusions.—The patient’s condition was not changed except 
that he was correctly oriented for time, place and 
persons. The improvement in orientation was probably 
due to the repeated questioning to which he was 
subjected. 

Result—No significant improvement was obtained. 

Case 5.—J. D., a white man aged 32, a former 
soldier, had a history of illness of approximately six- 
teen months. The diagnosis at the referring hospital 
was “psychosis, unclassified, with endocrine dysfunc- 
tion.” The medical staff of the Public Health Service 
hospital agreed on a diagnosis of schizophrenia, asso- 
ciated with endocrine dysfunction. 

Mental Status Prior to Transfusions—The patient 
was somewhat careless about his personal appearance, 
showed decreased motor activity and had a dull facial 
expression. He was cooperative and friendly, and speech 
was spontaneous but irrelevant. Discrepancy between 
affect and thought content was present. He was in a 
severe delusional state, had impaired judgment and 
showed no insight. The intelligence quotient was 92 on 
the Wechsler-Bellevue scale. The results of the 
Rorschach examination confirmed the diagnosis of 
schizophrenia. Physical examination revealed that the 
general, physical and sexual development was puerile. 
In the ward he spent most of his time drawing symbolic 
pictures on the walls of his room. 


Period of Transfusions—His weight was 105 pounds 
(476 Kg.). A total of 3.55 liters of the patient’s blood 
was removed and replaced by 4.62 liters of blood 


from normal donors, given in seven transfusions during 
a period of ten days. The patient went into mild shock 
if more than 0.6 liter of blood was removed at one 
time. After the first transfusion a slight rise in 
temperature developed, which persisted for four days, 
From 0.4 to 0.6 liter of isotonic solution of sodium 
chloride was used to increase the blood volume prior 
to the removal of blood. 

Mental Status Immediately After Course of Trans- 
fusions —The patient stated that he felt better, but no 
objective signs of improvement were observed. 

Result—No significant improvement was noted. 

Case 6.—H. E., a white man aged 31, a former 
soldier, had been ill prior to transfusions approxi- 
mately eighteen months. No history of previous mental 
illness was obtained. The diagnosis at the referring 
hospital was dementia precox, paranoid type and the 
diagnosis at this hospital was schizophrenia. 

Mental Status Prior to Hemotherapy.—The patient 
was somewhat careless in his personal habits; he was 
occasionally silly and appeared suspicious. The stream 
of talk was usually irrelevant. Affect was inappropriate. 
Delusional and hallucinatory phenomena were present. 
He was disoriented for time and place, had no insight 
but made a good adjustment in the ward. 

Period of Transfusions—The weight was 135 pounds 
(61.2 Kg.). A total of 2.5 liters of the patient’s blood 
was removed and replaced by 2.25 liters from normal 
donors, given in three transfusions in nine days. After 
the first and the third transfusion the patient had an 
elevation of temperature to 39.2 C. (102.5 F.). Influ- 
enza developed and the course of transfusions was 
therefore interrupted. Transfusions were later discon- 
tinued because of difficulty in cross matching the blood. 

Mental Status Immediately After Course of Trans- 
fusions—The patient was somewhat more active and 
alert, but there was no change in thought content. 


Result——No significant improvement was noted. 


INTERPRETATION OF RESULTS 


Only 1 of the 6 patients showed significant 
improvement in his condition. This single remis- 
sion may be accounted for by one or all of the 
following factors: (1) spontaneous remission; 
(2) additional attention by physicians, nurses 
and ward personnel incidental to the experimen- 
tal procedure, or (3) fever following trans- 
fusions. 

It is concluded, therefore, that under the con- 
ditions of the present experiment replacement 
transfusions have ,no therapeutic value for 
schizophrenia. 


United States Public Health Service Hospital, Lexing- 
ton, Ky. 


Medical Center for Federal Prisoners, Springfield, 
Mo. 
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SPINAL CORD LEVEL SYNDROME FOLLOWING INTRATHECAL 
ADMINISTRATION OF MAGNESIUM . SULFATE 
FOR TABETIC CRISIS 


REPORT OF A CASE, WITH AUTOPSY 


SAMUEL A. GUTTMAN, M_.D., 


AND ABNER WOLF, M.D. 


NEW YORK 


So far as we are aware, Marinesco and 
Gradinesco * were the first to report on the intra- 
thecal administration of magnesium sulfate for 
the management of tabetic crisis. In 1928, 
Marinesco, Sager and Fagon®? reported 8 addi- 
tional cases, and they concluded that this method 
of treatment, the intrathecal administration of a 
freshly prepared sterile solution of 25 per cent 
magnesium sulfate in 1 to 2 cc. quantities, was 
“beneficial by virtue of its harmlessness, as well 
as its precise action.” Gordon® reported on 
his successful management of the crisis in 12 
patients. Beckman,‘ Moore and Stokes men- 
tioned this form of therapy, and Wilson,’ after 
condemning the use of morphine in tabetic crisis, 
stated that “fortunately, alternatives are at our 
disposal—1 to 2 cc. of a freshly prepared sterile 
25 per cent solution of magnesium sulfate by 
lumbar puncture.” 


Berman and Kahn,* however, reported a case 
in which the patient went into shock after this 
procedure. Death occurred in half an hour; 
unfortunately, a postmortem examination was 


From the Neurological Institute of New York, and 
the Departments of Neurology and Neuropathology, 
Columbia University College of Physicians and Sur- 
geons. 

1. Marinesco, G., and Gradinesco, V., 1908, cited by 
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3. Gordon, A.: Intraspinal Injections of Magnesium 
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133 : 399-400, 1931. 

4. Beckman, H.: Treatment in General Practice, 
ed. 2, Philadelphia, W. B. Saunders Company, 1936. 
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1941, p. 435. 
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7. Wilson, S.A. K.: Neurology, Baltimore, Williams 
& Wilkins Company, 1940, p. 568. 

8. Berman, H., and Kahn, B.: Death Following the 


Use of Magnesium Sulfate Intraspinally, M. Rec. 150: 
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not performed. McKendree and Lehrman ® cited 
the case of a patient who passed into coma after 
intrathecal administration of magnesium sulfate 
and regained consciousness two days later. The 
patient had a temporary psychosis. 


REPORT OF CASE 


History—C. L., a male metal worker aged 53, had 
the first tabetic crisis in 1939. Antisyphilitic therapy 
was instituted. He was treated with neoarsphenamine 
and a bismuth preparation, and later with tryparsamide, 
but the full details of this treatment are not known. 
During another crisis in September 1942, a lumbar punc- 
ture was performed with ease, and 2 cc. of a 25 per 
cent solution of magnesium sulfate was administered 
intrathecally, without any untoward response. The 
tabetic crisis then subsided. 

In February 1943 the patient had another crisis, and 
on February 10 lumbar puncture was repeated with 
ease while the patient was in the lateral recumbent 
position. Another 2 cc. of a 25 per cent solution of 
magnesium sulfate was introduced into the lumbar sac. 
The attending physician stated that within several hours 
after this procedure the patient apparently experienced 
a peripheral vascular collapse, became irrational and 
had an elevation of temperature (104 to 107 F.), which 
persisted for about a day. Within several hours after 
the magnesium sulfate therapy the patient experienced 
extremely severe shooting pains in his lower extremities 
and could not move them; nor could he void. 

Physical Examination.—The patient was admitted to 
the Neurological Institute of New York on February 25. 
At the time of admission he appeared chronically ill, 
confused and disoriented. The temperature was 99 F., 
the pulse rate 76 per minute and the respiratory rate 
18 per minute. The systolic blood pressure was 105 mm. 
of mercury, and the diastolic 70 mm. Reddened decu- 
bitus lesions, with intact skin, were present over the 
sacrum and both trochanters. There were no signs of 
note in the heart, lungs or abdomen. Rectal examination 
revealed a relaxed sphincter. 

Neurologic Examination—There was gross tremor of 
the outstretched hands. Gait could not be tested. All 
muscle groups in the lower extremities were flabby and 
tender. There was paresis of the lower extremities; 
equilibratory tests could not be performed, and coopera- 
tion was too poor to permit tests of nonequilibratory 
function. The neck was supple. The deep tendon re- 
flexes in the upper extremities were about equally active 
on the two sides, while there was areflexia in the lower 


9. McKendree, O. J., and Lehrman, S. R.: Toxic 
Delirium Following Intrathecal Magnesium Sulfate in 
Tabetic Crises, New York State J. Med. 40:1666-1667, 
1940. 
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extremities. The abdominal reflexes were underactive, 
particularly in the lower quadrants. The cremasteric 
responses could not be elicited. The plantar response 
was deficient bilaterally. There were hypesthesia, hyp- 
algesia and hypothermesthsia in and below the first 
lumbar dermatome, and this involved the saddle region. 
It was difficult to evaluate the deep sensory modalities. 
The only abnormalities of the cranial nerves consisted 
of inequality of the pupils, the right being larger than 
the left, with some irregularity of their contours. The 
pupils did not react to light, while the response in 
accommodation was unimpaired. Auditory acuity was 
impaired, with lateralization to the right in the Weber 
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mann reactions were negative on repeated tests, and the 
electrocardiogram and roentgenograms of the skull, 
chest and dorsal and lumbar vertebrae showed nothing 
significant. Lumbar puncture, on two occasions, revealed 
an initial pressure of 70 mm. of water, with no evidence 
of subarachnoid block. The protein contents of the cere- 
brospinal fluid were 90 and 70 mg. per hundred cubjc 
centimeters respectively, with 4 and 2 white blood cells 
per cubic millimeter. The Wassermann reaction of the 
spinal fluid was positive in practically all dilutions, 
while the colloidal gold curve was 2211100000. Studies 
of the chronaxia of the muscles of the lower extremities 
indicated involvement of the lower motor neurons. 


Fig. 1—A, lumbar portion of the cord, showing marginal degeneration of the white matter and focal lesions 


in the ventrolateral portion of each anterior horn, due to the action of magnesium sulfate. 


In addition, there is 


moderate degeneration in the posterior columns, the result of tabes. : 
B, degenerated dorsal nerve root of the upper lumbar portion of the spinal cord, showing loss of myelin 


sheaths « 110. Mahon stain. 


test, and bone conduction was greater than air conduc- 
tion on the right side. 

Mental Examination—The patient was uncooperative, 
confused, disoriented and totally unconcerned with his 
surroundings. Memory for recent and remote events as 
well as insight and judgment, was impaired. 

Laboratory Data.—Studies included a complete blood 
count and determinations of the dextrose and nonprotein 
nitrogen of the blood, all of which gave values within 
the limits of normal. The urine showed a 1 plus reac- 
tion for albumin, an occasional red blood cell, a few 
white blood cells and no casts. The Kline and Wasser- 


Treatment and Course of Illness—The patient re- 
ceived a course of malarial therapy (with Plasmodium 
vivax). A total of seven paroxysms, with a temperature 
of 103 F. or more, were induced in a period of seventy- 
nine hours. The flaccid paralysis of the lower extremi- 
ties persisted, as did the level of sensory loss. Tidal 
drainage of the urinary bladder was maintained. Pro- 
nounced confusion and disorientation persisted through- 
out the stay in the hospital. Decubitus lesions could 
not be controlled by any of the means at our disposal, 
and the patient died on his seventy-first day in the hos- 
pital, about three months after the second intrathecal 
injection of magnesium sulfate. 
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GUTTMAN-WOLF—SYNDROME AFTER MAGNESIUM SULFATE 


AUTOPSY 


Complete necropsy was performed, but only the ob- 
servations pertinent to this report will be discussed. 

Brain—There was mild atrophy of the cerebral gyri 
over the convexity of the frontal and parietal lobes of 
the cerebrum. The leptomeninges over these areas ap- 
peared normal. The atrophic frontal and parietal gyri 
exhibited a minor loss of ganglion cells, observed chiefly 
in the third cortical layer. The cortical architecture was 
well preserved. Occasional nerve cells showed shrink- 
age or sclerosis, and some had undergone pigmentary 


137 


the thoracic portion of the cord revealed lack of clarity 
in outline of the gray matter and slight grayish yellow 
discoloration, irregularly distributed throughout the 
cross section of the cord. In the lumbar segments, 
there was yellowish or yellowish orange, streaky dis- 
coloration of the gray matter; both the anterior and the 
posterior horns were involved. These changes were 
more intense and extensive in the lower lumbar seg- 
ments and were also present in the sacral portion. 
Histologic Examination: Roots. Many anterior and 
posterior roots of the sacral, lumbar and lower thoracic 


Fig. 2.—A, degeneration of the marginal white matter in the lateral column of the upper sacral portion of ta: 
spinal cord, showing loss of myelin sheaths xX 110. Mahon stain. 


B, focal area of degeneration in the gray matter of the posterior horn in the upper lumbar portion of the 


cord; x 60. Mahon stain. 


atrophy. There was no associated inflammatory, glial 
or vascular change in the cortex or any cellular infil- 
tration of the leptomeninges. 

Spinal Cord—Gross Examination: The dura was 
smooth and shiny on its inner surface. The spinal cord 
was normal in color, contour and consistency, and the 
cauda equina, conus medullaris and filum terminale ap- 
peared normal. Section through the cervical enlarge- 
ment and the upper and middle thoracic segments 
revealed grayish discoloration of the posterior columns. 
Section through a number of the lowest segments of 


segments of the spinal cord appeared edematous and 
showed pronounced loss of myelin sheaths (fig. 1B) 
and moderate loss of axons. Some lymphocytes and 
occasional plasma cells were observed in the perineurium, 
but only small numbers of these cells were present in 
the endoneurium. Occasional nerve bundles showed an 
increase in Schwann cells and endoneurial cells as well. 

Leptomeninges: The pia and arachnoid appeared 
normal except for small numbers of lymphocytes ane 
occasional plasma cells in the pia of the lumbar and 
sacral segments. 


| 


= 
ull, 
ing 
led 
nce 
re- 
bic 
ells 
ms, | 
lies 
ti 
- 34. = 4 ta ive 
re- 
ture 
nty- 
‘idal 
igh- | 
ould { 
»sal, 
hos- 
ecal | 
| 


138 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Gray matter: In the lower thoracic, lumbar and 
sacral segments, sharply demarcated focal degenerative 
lesions were encountered at the tips of the anterior and 
posterior horns (figs. 1A and 2B). These lesions ex- 
tended somewhat into the adjacent white columns in 
the direction of the anterior and posterior roots. In 
rare instances they extended to the surface of the cord. 
In the sacral segments, the lesions became so extensive 
as to involve most of the gray matter. Within the con- 
fines of the focal lesions the nerve cells, axons and 
myelin sheaths either were completely destroyed or 
showed varying degrees of degeneration. Some of the 
nerve cells were deeply stained and shrunken and had 
pyknotic nuclei, while others were- swollen, had under- 
gone chromatolysis and vacuolation of their cytoplasm 
and possessed eccentric, deeply stained nuclei. There 
was moderate or pronounced microgliosis, leading to 
formation of phagocytes. In the sacral segments, a few 
arterioles and some capillaries in the lesions in both 
the anterior and the posterior horns showed thickening 
of their walls, as a result of fibrosis and hyalinization. 
Mild or moderate astrocytosis was encountered in the 
degenerated areas. 

White matter: The extension of the focal lesions from 
the gray horns into the white columns was characterized 
by loss of axons and myelin sheaths and a microglial 
reaction, resulting in the formation of phagocytes. An 
irregular band of marginal demyelination appeared in 
all the columns of the lower thoracic, lumbar and sacral 
segments (fig. 1.4). Swollen myelin sheaths and globules 
of myelin were still visible in this zone, but for the 
most part the myelin sheaths had completely disappeared 
(fig. 2A). The posterior columns showed a mild degree 
of demyelination at all levels (fig. 1A). There were 
loss of axons, less severe than that of the myelin sheaths, 
in the marginal areas of demyelination and a reactive 
astrocytosis, which had resulted in considerable thick- 
ening of the external glial membrane in the lower lum- 
bar and sacral segments. 


COMMENT 

Autopsy revealed no evidence of mechanical 
injury to the spinal cord or cauda equina due 
to the introduction of magnesium sulfate. There 
was evidence of degeneration of the nerve roots 
of the lower thoracic, lumbar and sacral segments. 
These lesions were focal and scattered. Mar- 
ginal degeneration of the white columns and 
focal lesions in the periphery of the anterior 
and posterior horns were observed in the lower 
thoracic, lumbar and sacral segments of the 
spinal cord. The lesions in the gray matter 
varied considerably in intensity at different levels. 
There was axonal chromatolysis in some ganglion 
cells of the anterior horns, as a result of the 
lesions in the nerve roots. 

The mild degeneration of the posterior columns 
was evidently part of the patient’s neurosyphilis, 
tabes dorsalis. The cortical changes in the frontal 
and parietal lobes showed none of the classic 
features of dementia paralytica. One cannot rule 
out the possibility that such changes may have 
been present and have been eliminated by the 
malarial therapy. Such an entire rehabilitation 
of the cortex has been described in cases of 


dementia paralytica by Jakob *° and others. The 
absence of any gliosis makes one hesitate to 
accept this possibility, since it is difficult to 
conceive of the total disappearance of the end 
stage of astrocytosis. There was no evidence of 
syphilitic endarteritis at any level of the central 
nervous system. 

Since the patient’s psychosis followed the ad- 
ministration of magnesium sulfate, one must 
consider the possibility that this drug may some- 
how have injured the cerebral cortex, producing 
the changes noted and inducing the psychosis, 
McKendree and Lehrman ® observed a similar 
psychotic episode after the intrathecal administra- 
tion of the same substance. 

It is likely that the remaining lesions in the 
spinal cord and the nerve roots were due to the 
action of the magnesium sulfate introduced into 
the subarachnoid space, since the syndrome ref- 
erable to the spinal cord level came on directly 
after the second administration of this drug. The 
mechanism of this deleterious effect is not clear. 
The lesions were similar to, but not identical with, 
those occasionally seen after intrathecal injection 
of procaine hydrochloride or similar spinal anes- 
thetics (Brock, Bell and Davison Brain and 
Russell **) and reported once after administra- 
tion of ammonium sulfate (Guttman and Par- 
dee Magnesium sulfate has been injected 
into the subarachnoid space without untoward 
effects in human subjects.** It may be that an 
idiosyncrasy to the drug was present in our 
case at the time of the second injection. In 
2 of the 7 cases reported by Brock, Bell and 
Davison,'! the symptoms of lesions of the spinal 
cord appeared only after the second injection 
of an anesthetic into the spinal canal; these au- 
thors mentioned the possibility of tissue sensi- 
tivity to the cocaine derivatives. It may be that 
such a tissue sensitivity to magnesium sulfate 
may have developed in our case. 

The presence of neurosyphilis would not seem 
to have played any significant role in the un- 
toward response to magnesium sulfate, since this 
method of therapy has been repeatedly employed 
in treatment of tabes without apparent ill effect. 


10. Jakob, A.: Normale und pathologische Anatomie 
und Histologie des Grosshirns, Vienna, Franz Deuticke, 
1929, vol. 2, pp. 726-740. 

11. Brock, S.; Bell, A., and Davison, C.: Nervous 
Complications Following Spinal Anesthesia, J. A. M. A. 
106 : 441-446 (Feb. 8) 1930. 

12. Brain, W. R., and Russell, D.: The Neurological 
Sequelae of Spinal Anaesthesia, Proc. Roy. Soc. Med. 
30:80-81, 1937. 

13. Guttman, S. A., and Pardee, I.: Spinal Cord 
Level Syndrome Following Intrathecal Ammonium 
Sulphate and Procaine Hydrochloride: A Case Report 
with Autopsy Findings, Anesthesiology, to be published. 

14. Marinesco and Gradinesco.t Marinesco and asso- 
ciates.2, Gordon.® 
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There was no evidence of syphilitic endarteritis ; 
so the focal lesions in the gray matter cannot be 
attributed to vascular syphilis. 


The position of the marginal demyelination 
in the white matter of the lower portion of the 
spinal cord suggests that the magnesium sulfate 
may have acted directly on the surface of the 
cord in this region. It is probable that the root 
lesions were brought about in the same fashion. 
The deep focal lesions in the anterior and pos- 
terior horns and in the adjacent white matter 
may have been produced by penetration of the 
magnesium sulfate along the perivascular spaces 
from the subarachnoid space, but this seems 
unlikely. A more tenable supposition is that 
somehow the magnesium sulfate adversely af- 
fected the leptomeningeal blood vessels supply- 
ing these areas, interfering with their circulation. 
The fibrosis and hyalinization of the walls of some 
arterioles and capillaries in these lesions may 
conceivably have resulted from such an action. 
Against this possibility is the normal appearance 
of the leptomeningeal blood vessels at the same 
levels of the spinal cord. 


SUMMARY 


In the case reported, a spinal cord level syn- 
drome followed the intrathecal administration 
of 2 cc. of a 25 per cent solution of magnesium 
sulfate. Directly after the intrathecal therapy 
the patient experienced a transient peripheral 
vascular collapse, persistent flaccid paraplegia 
with a spinal cord level syndrome and a psychosis 
which was present until death, three months later. 

Postmortem examination revealed no evidence 
of mechanical injury to the spinal cord or the 
cauda equina. There was marginal degeneration 
of the white matter with gliosis and foci of 
necrosis in the tips of the gray horns in the 
lower thoracic, lumbar and sacral segments of the 
spinal cord. The nerve roots at these levels 
showed scattered focal areas of degeneration. 

Several theories for the mechanism of the pro- 
duction of the lesions have been proposed, but 
there is no conclusive evidence for any of them. 
However, we can only conclude that this method 
of therapy has certain dangers and is sufficiently 
hazardous to warrant caution in clinical applica- 
tion. 


710 West One Hundred and Sixty-Eighth Street. 
630 West One Hundred and Sixty-Eighth Street. 
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RAPID HEAD MOVEMENT TEST OF EQUILIBRATORY FUNCTION 


GEORGE H. HYSLOP, M.D. 
Attending Neurologist, Neurological Institute of New York 
NEW YORK 


The Barany tests have been depended on for 
years in measurement of disturbances of vestib- 
ular function. The tests have been used in 
examination of patients who may have no 
vestibular disease but who have subjective com- 
plaints, perhaps due to a structural or physio- 
logic defect in the central pathways connected 
with the vestibular apparatus. 

Various workers have devised modifications of 
the Barany tests, each modification having a 
specific purpose. It has been recognized that 
standard caloric and rotation tests produce ex- 
cessive stimulation for the measurement of finer 
degrees of functional defect. One practical 
difficulty with the Barany tests is that the pro- 
cedures require . special equipment and _ that 
interpretation is difficult unless they are carried 
out by an examiner who is fully familiar with 
and frequently performs the tests. 

A number of years ago I was impressed by a 
patient who had the clinical picture of acute 
labyrinthitis on the left side, apparently due to 
trauma. Although this patient had a _ long- 
standing psychoneurosis and had injured herself 
when she was intoxicated, the labyrinthine symp- 
toms did not seem to be consciously exaggerated. 
Because she had sustained a moderate cerebral 
concussion, she: was being kept flat in bed. As 
long as she lay still and did not attempt to turn 
her body or her head, there was little, or no, 
vertigo. 

On examination, it became apparent that it 
was head movement, rather than general body 
movement, that would precipitate an immediate, 
intense vertigo and that the movement causing 
trouble was rotation of the head to the left in the 
horizontal plane ; movement in either the sagittal 
or the coronal plane did not produce vertigo. 
This patient could not tolerate the standard 
caloric and rotation tests. I felt that she had an 
incomplete or partial injury to the left vestibular 
nerve, with only one of the semicircular canals 
affected. 

Whenever opportunity arose to examine a 
patient complaining of active and recent vertigo, 
I would submit the patient to passive move- 
ment of the head in the planes of the semi- 
circular canals. I soon found that certain 
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patients manifested pain and subjective vertigo, 
This reaction occurred with a variety of clinical 
syndromes, including recent injury to the head 
with some cerebral reaction; with suspected 
increased intracranial pressure; with vascular 
hypertension or pronounced hypotension, and 
with various infectious diseases producing cere- 
bral symptoms of some degree of severity. The 
reaction also occurred in a number of patients 
who were psychoneurotic, with an associated 
reflex vegetative instability of the nervous 
system. 

After several years of experimentation with 
this “rapid head movement’ procedure and with 
standardization of the technic, it became evident 
that this simple clinical test has a definite value 
in the examination of patients who may have 
an organic or physiologic disturbance of the 
central equilibratory pathways, and perhaps a 
similar disturbance of cerebral vasomotor con- 
trol. 

At times I checked my observations by having 
the patient subjected to the standard vestibular 
tests. Often there was no correlation in the find- 
ings, the tendency being toward a presumably 
normal reaction to the standard tests with an 
abnormal reaction to the simpler procedure. If 
the patient gave a violent reaction to the head 
movement test, one usually found what might be 
called “an irritable labyrinth” in response to the 
standard tests. 

In patients having a recent injury to the head, 
especially those who were not apprehensive 
about the results of their injuries and who did 
not show any evidence of conscious exaggeration, 
the subjective complaints faded in a manner 
which paralleled the decreased reaction to the 
head movement test. The suitable time for a 
patient in a postconcussional state to resume the 
erect position could at times be determined by 
the response to the head movement test. 

In a variety of patients with focal intracranial 
lesions, or with diffuse inflammatory disease 
(toxic or infectious), reactions to the head move- 
ment test were often significant. 


TECHNIC OF TEST 


At present the following technic is employed 
in the rapid head movement test: 


1. First 
might be 
obtained. 
the Romt 
muscles « 
front of 
of the pa 
the thum 
fourth at 
muscles i 
then inst: 
and heel: 
then gent 
alternatel 
plane. S 
is cooper 
relaxed. 

2. Whe 
cooperati 
but with 
position, 
at a rat 
Involunta 
occur be’ 
indicate 
expressio 
body ma: 
the exar 
that the 
this serv 
movemen 
swaying 
duration 
patient tl 
The resp 
a particu 
soon as 
persisted 
was a fe 
nausea, a 

When 
stable, tl 
manner 
out in tl 
observed. 

Finally 
movemer 
to mover 
examine! 
In some 
abnorma 
the patie 
reaction 
plane on 

Some 
no 
normal. 
have no 

a second 
It is wi 
mild dis 
movemet 

It is o 

are imm 
ment is 
for at le 
positive, 

Occas 
who ar 


HYSLOP—EQUILIBRATORY FUNCTION 141 


1. First, the Romberg sign is tested for, and what 
might be called the patient’s “base level” of station is 
obtained. The patient continues in the position for 
the Romberg test. Then he is instructed to relax the 
muscles of the neck, and the examiner, standing in 
front of and facing him, places one hand on each side 
of the patient’s head, with the fingers spread, so that 
the thumb is over the arch of the zygoma and the 
fourth and fifth fingers are over the paravertebral 
muscles in the upper cervical region. The patient is 
then instructed to close the eyes, stand with the toes 
and heels together and stay relaxed. The examiner 
then gently rotates the patient’s head about 45 degrees 
alternately to the right and to the left in the horizonal 
plane. Such an excursion will tell whether the patient 
is cooperative and is keeping the muscles of the neck 
relaxed. 


2. When the examiner is satisfied that the patient is 
cooperating properly, the same movements are repeated, 
but with an excursion of 60 degrees from the midline 
position, and for five or six full excursions done rapidly 
at a rate of about two full excursions per second. 
Involuntary splinting of the muscles of the neck may 
occur before the movements are completed and may 
indicate subjective discomfort. The patient’s facial 
expression may be that of pain, and swaying of the 
body may start. When the excursions are completed, 
the examiner should release his hands just enough so 
that the finger is in light contact with each temple— 
this serves to keep the patient reassured, if the head 
movement has produced subjective discomfort. If body 
swaying has been produced, its direction, degree and 
duration are measured by simple inspection. The 
patient then may be asked, “Did you notice anything?” 
The response may be that pain of a particular type in 
a particular region occurred; it may have stopped as 
soon as ‘the head movement ceased, or may have 
persisted even longer; the patient may say that there 
was a feeling of unsteadiness, or even actual vertigo; 
nausea, also, may be mentioned. 

When the patient has again become comfortable and 
stable, the head is moved in the coronal plane in a 
manner similar in excursion and rate to that carried 
out in the horizontal plane. The patient’s reaction is 
observed. : 

Finally, the maneuver is carried out with the head 
movement in the sagittal plane. Sometimes the response 
to movement in the horizontal plane is sufficient for the 
examiner to judge whether the reaction is abnormal. 
In some instances the reaction may become positive, or 
abnormal, only in the second or the third phase. If 
the patient is not too uncomfortable, and if the positive 
reaction seems to be in response to movement in one 
plane only, the procedure may be repeated. 

Some persons have no subjective discomfort and show 
no swaying. Such a response may be called negative, or 
normal. Some persons may show slight swaying but 
have no subjective discomfort, with stabilization within 
a second or two after the head movements have ceased. 
It is within normal limits for a patient to have brief, 
mild discomfort, ceasing within a second or two after 
movements are ended. 

It is only when the subjective discomfort and swaying 
are immediate and evident before the first head move- 
ment is completed, with prolongation of the reaction 
for at least five seconds, that one judges the reaction as 
Positive, or abnormal. 

Occasionally this test may be indicated for patients 
who are confined to bed and cannot stand. It is 


possible to have a patient sit up with the legs over the 
edge of the bed while the test is being carried out. If 
the patient cannot sit up, the test can be effectively 
carried out, but one has to render judgment solely on 
the patient’s description of the subjective reaction. 


COMMENT 


Wolff and his co-workers,’ in studies of the 
mechanism of head pain, concluded that influ- 
ences which provoke stretch or pull on the walls 
of meningeal or intracerebral vessels will pro- 
duce pain. Wolff observed (personal communi- 
cation) that after removal of 20 cc. of spinal 
fluid from a patient without organic disease of 
the nervous system, there was distention of the 
meningeal veins. He had no observations on 
whether rapid head movements would produce 
a normal reaction in such a subject. 

The histamine headache and the ordinary 
migraine headache are instances of reaction to 
vessel stretch. The area to which pain is 
referred has frequently been found of localizing 
value in instances in which there is an expand- 
ing lesion. 

The rapid head movement test furnishes a 
mechanical basis for stimuli which may cause 
stretch or pull on intracranial blood vessels. 
However, lesions involving vessels in the bones 
of the skull may be affected by the maneuver 
and, with extension of a sympathetic reflex, pro- 
duce temporary instability in vasomotor control 
over intracranial vessels. This should be kept 
in mind in examination of a patient who may 
have a lesion of the cranial vault or the base only 
—for example, a cholesteatoma, a tumor pri- 
mary in the accessory nasal sinuses, primary 
or metastatic tumor in one or more bones of the 
skull or even certain types of fracture. In a 
patient with acute glaucoma affecting the right 
eye only, the rapid head movement produced 
a violently abnormal response. 

Freeman and Rodnick ? reported on the effect 
of rotation on postural steadiness in normal and 
in schizophrenic subjects. As subjects they used 
30 normal persons and 30 otherwise healthy 
schizophrenic men, the ages ranging from 18 to 
36 for the normal subjects and, from 20 to 48 
for the schizophrenic patients. They concluded 
that the schizophrenic patients were significantly 
less reactive than were the normal subjects. I 
cite this article for its bearing on the fact that 
in individual patients the constitutional factor, as 
well as, possibly, transient acquired vasomotor 


1. Kunkle, E. C.; Ray, B. S., and Wolff, H. G.: 
Studies on Headache, Bull. New York Acad. Med. 18: 
400-422 (June) 1942. 

2. Freeman, H., and Rodnick, E. H.: The Effect 
of Rotation on Postural Steadiness in Normal and in 
Schizophrenic Subjects, Arch. Neurol. & Psychiat. 48: 
47-53 (July) 1942. 
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stability, will enter into the determination of 
what reactions are to be regarded as within the 
normal, or physiologic, range. 

One significant purely objective corrobora- 
tion of the clinical inference to be drawn from 
a positive, or abnormal, reaction to the rapid 
head movement test is found in a large series of 
patients with the “‘postconcussional syndrome” 
who were subjected to electroencephalographic 
study. Over 80 per cent of the patients who 
were not psychoneurotic and who showed a 
definitely positive reaction to the clinical test 
had an organically abnormal electroencephalo- 
gram. 


REPORT OF CASES 


The cases of 8 patients with significant abnor- 
mal reactions are described. 


Case 1—A farmer aged 51 had for two years been 
subject to attacks of headache, chiefly in the right 
midparietal region, and increasingly frequent jacksonian 
epileptiform seizures, involving the left side of the face 
and the left arm and leg. There was a visible and 
palpable thickening of the vault of the skull in the right 
midparietal region, with tenderness. Roentgenograms of 
the skull showed the thickening characteristic of an 
underlying meningioma. The response to the head 
movement test was strongly positive, with pain localized 
in the involved area of the skull. After successful 
operation, the reaction to the test steadily faded and 
became normal. 


Case 2—A woman in her middle 50’s had the 
syndrome of an aneurysm of the left internal carotid 
artery, with unilateral exophthalmos, external oph- 
thalmoplegia and impaired sensibility and pain in the 
distribution of the ophthalmic division of the trigeminal 
nerve. A roentgenogram did not confirm the clinical 
diagnosis, and the pulse pressure was normal. There 
was no bruit. Rapid movements of the head pre- 
cipitated intense pain in the distribution of the oph- 
thalmic division of the fifth nerve, as well as deep within 
the eyeball. 

While in the hospital, the patient suddenly went into 
coma, with nuchal rigidity, and lumbar puncture yielded 
bloody spinal fluid. Autopsy revealed an aneurysm, 
about 2 cm. in diameter, of the left internal carotid 
artery, at and below the level of the sella turcica. 


Case 3.—A school teacher, aged about 40, manifested - 


grand mal seizures and later had generalized headaches 
and progressive ataxia of station and gait, with a 
tendency to fall to the left. Clinical evidence was 
scanty and was limited to mild bilateral papilledema, 
with exaggerated tendon reflexes on the left side and 
abnormal plantar responses, a slight amount of dys- 
metria in use of the left arm and nonspecific swaying 
in the Romberg test. The rapid head movement test 
produced generalized pain in the head and falling back- 
ward and to the left. 

Studies with injection of air and operation revealed 
an astrocytoma in the right anterior parietal region. 

In this case, the clinical signs and the reaction to 
the rapid head movement test were interpreted as due 
to a lesion in the left posterior fossa. The clinical 
picture was probably one of the contrecoup, false 
cerebellar symptoms sometimes associated with an ex- 
panding lesion of the opposite parietal lobe. 


CasE 4—A middle-aged man was admitted to the 
hospital, complaining of biparietal headaches. There 
were absence of sense of smell on the right side and 
roentgenographic changes characteristic of a meningioma 
of the right olfactory ridge. The rapid head movement 
test immediately produced the patient’s characteristic 
pain in the right parietal area and muscae volitantes, 

Case 5.—A middle-aged man, with exophthalmos on 
the left side and roentgenographic changes characteristic 
of meningioma of the left sphenoid ridge, had frequent 
attacks of pain referable to the upper part of the bridge 
of the nose and in the left eyeball. Rapid movements 
of the head produced his characteristic pain. 

Case 6.—A physician aged 45 had had typical attacks 
of migraine since childhood. Examination at a time 
when he was comfortable revealed no clinical signs, a 
normal electroencephalogram and a negative response to 
the rapid head movement test. During one of his 
characteristic migraine headaches, the electroencephalo- 
gram showed appropriate abnormalities, and the pain 
was transiently aggravated by the rapid movements of 
the head. 

Case 7.—A nurse aged 45 who was tense and subject 
to digestive instability, had been temporarily disabled 
by two rather severe attacks of persistent dizziness, 
suggestive of the Méniére syndrome, with occipital 
headache and intensification of the vertigo by any 
change in position of the head or body. Such a change 
also caused an increase of pain in the left mastoid and 
the leit occipital region. 

The rapid head movement test intensified her dis- 
comfort, and on one occasion she was so upset that she 
vomited several times in the following few hours. As 
she recovered from her attack, which lasted several 
weeks, the response to the head movement test became 
negative. Complete examination of her hearing showed 
no defects, and the standard vestibular tests, which 
produced extreme discomfort, showed mild _ bilateral 
labyrinthine irritability. 

Case 8.—A woman aged 47 had complained for two 
months of frequent, severe occipital headache, which 
became generalized and lasted as long as twenty-four 
hours and which was accompanied by such unsteadiness 
that she became afraid to go out of doors. Vomiting, 
of almost projectile type, occurred when her discomfort 
was especially severe. 

Her right breast had been removed five years pre- 
viously because of an adenocarcinoma. She had been 
examined by several physicians, who found rather wide 
fluctuations in her blood pressure. Her husband had 
been advised that her symptoms were strongly sug- 
gestive of metastatic tumors in the brain. 

The patient had normal eyegrounds. All her reflexes 
were overactive. She showed no objective signs in- 
dicative of a focal intracranial lesion. Roentgenograms 
of the skull revealed an entirely normal condition, with 
the pineal body in the usual position. 

The rapid head movement test produced intense 
generalized pain in the head, subjective vertigo and 
swaying, which did not begin to subside for at least 
thirty seconds; the reaction was strongest to move- 
ments of the head in the vertical anteroposterior or the 
sagittal plane. 

Further questioning of the patient revealed that she 
had long-standing emotional conflicts and was habitually 
tense. She had been under additional mental pressure, 


beginning about a month before her symptoms appeared. 
She and her husband seemed certain that it was only 
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jn response to temporary excitement that her headaches, 
yertigo and vomiting developed. In the week before 
she consulted me, while visiting her daughter, there 
had been practical freedom from complaints. 

I told the patient that if her symptoms were really 
due to cerebral tumor, examination should show an 
appropriate abnormality, but that I found nothing to 
indicate any lesion of the brain or increase of intra- 
cranial pressure. She was given mild sedatives and 
was told to amuse herself in a normal manner while 
she remained in town. 

For the next forty-eight hours she was free of 
complaints, and the reaction to the rapid head move- 
ment test was negative at that time. She remained well 
for about ten weeks. 

Then cerebral vomiting appeared, without headache, 
vertigo or ataxia. She went to the Cleveland Clinic. 
Her fundi were normal; the spinal fluid pressure was 
160 mm. of water, and the total protein of the spinal 
fluid measured 50 mg. per hundred cubic centi- 
meters. The roentgenograms of the skull were normal. 
Although there was no objective clinical evidence to 
make possible a localizing diagnosis, a lesion in the 
posterior fossa, perhaps in the cerebellum, was sus- 
pected. Roentgenograms of the chest showed two 
masses which were regarded as metastatic tumors. 

With rest in bed the patient steadily improved. How- 
ever, about two weeks after she entered the hospital 
she suddenly had difficulty in breathing and died in 
fifteen minutes. There was no necropsy. 


The intense reaction to the head movement test, when 
the patient was first seen, led me to suspect organic 
trouble, but the prompt disappearance of all subjective 
complaints and a negative response to the test two 


days later led me to make a diagnosis of cerebral vaso- 
motor instability due to psychogenic emotional tension. 
The ten week interval without symptoms, during which 
the patient went about her affairs in a normal way, 
seemed to corroborate this diagnosis. The manner of 
death, after two weeks of cerebral vomiting, proves that 
a strongly positive reaction to the head movement test 
was due to an organic lesion. 


SUMMARY 


The clinical test described here is easily per- 
formed, does not require any apparatus and is 
useful in the examination of patients who may 
have a structural or physiologic defect producing 
a lowered threshold or heightened irritability of 
the central or peripheral vestibular and equilibra- 
tory pathways. 

The physiologic mechanism for an abnormal 
reaction apparently consists in the sudden change 
in the position of the head, which has a stretch 
effect on the cranial, meningeal and intracerebral 
vessels, as well as some action on the labyrinthine 
structures. 

As with all tests requiring some degree of 
cooperation on the part of the patient, the 
examiner must be on guard. The problems inci- 
dental to evaluation of a reaction to the Romberg 
test are in some respects applicable to the rapid 
head movement test. 


129 East Sixty-Ninth Street. 
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Abstracts from Current Literature 


»Epitep sy Dr. BERNARD J. ALPERS 


Anatomy and Embryology 


UNILATERAL SUBSTITUTION OF THE BRACHIAL REGION 


OF THE SPINAL CorD BY THE CORRESPONDING HALF > 


OF THE MEDULLA IN AMBLysTOMA. S. R. DETWILER, 
J. Exper. Zool. 92:247 (April) 1943. 


The left half of the embryonic medulla (Harrison’s 
stages 24 to 26) was substituted for the ipsilateral half 
of the brachial part of the cord (spinal segments 3, 4 
and 5). The transplanted tissue developed into rather 
typical half-medullas, with a large fourth ventricle 
covered with a thin roof plate. The tapering which 
normally occurs at the posterior level of the medulla was 
not achieved in the transplant. 

Although many embryos with medulla grafts ‘showed 
incomplete initial reactions, the majority recovered, and 
normal swimming reflexes followed, despite the fact that 
at the level of the graft the body musculature was in- 
complete. Fifty per cent of the forelimbs on the side 
of operation were abortive, although some of them were 
abundantly supplied by branches of the fifth spinal 
nerve. Even when the limbs on the side of the grafted 
medulla were almost normal in size and structure, the 
majority of them did not function. In the 3 embryos 
i: which normal function occurred, the limb was abund- 
antly supplied by the fifth nerve. These movements 
were coordinate with the intact contralateral forelimb. 

In no case was there any nerve supply to the limbs 
from the grafted medulla. The ganglia that were ob- 
served in several instances were regarded as having 
differentiated from placodes carried with the graft. 

The results indicate that the morphologic features 
which characterize the future medulla are determined at 
the time of the operation and are not materially altered 
by any impinging forces of the immediate external 


environment. Rerp, Boston. 


StupieEs ON TRANSPLANTED EMBRYONIC LIMBS OF THE 
Cuick. I. DEVELOPMENT oF Mus IN NERVE- 
LESS AND IN INNERVATED GRAFTS* HERBERT L. 
Eastiick, J. Exper. Zool. 93:27 (June) 1943. 


Limb buds of 26 to 36 somite chick embryos which 
were transplanted into the intraembryonic celom of 
hosts of the same age were examined after from four 
days of incubation up to a day beyond hatching. These 
grafts were small but normally shaped. Eighty-six 
nerveless grafts were compared with grafts innervated 
either by included neural tissue or by trunk and limb 
nerves of the hosts or by both. 

The appearance of segmented myofibrillae was de- 
layed longer in the nerveless than in the innervated 
transplants. In the nerveless grafts the muscles never 
differentiated beyond the stage found in 8 day controls, 
while in strongly innervated grafts (fifteen to twenty- 
one days) the muscle was differentiated and arranged 
in bundles. 

In ten to thirteen day noninnervated grafts, and also 
in the noninnervated regions of innervated grafts, the 
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fibrillae ceased multiplying and began to break down 
through sarcolysis and phagocytic action. Adipose 
tissue developed in the areas formerly occupied by 
muscle. 

In limb grafts of chick embryos of more than ten 
days’ incubation, innervation appears to be necessary 
for (a) multiplication of myofibrillae, (b) continued 
differentiation of the fibrillae and the organization of 
the fibers into typical muscle bundles and (c) main- 
tenance of muscle fibers in a healthy condition. 

Normal attachment, tension, stretch and activity also 
seem to play a role in the development and mainte- 


nance of embryonic muscle fibers. Re, Boston 


EMBRYONIC GRAFTS IN REGENERATING TISSUE: I. 
Late GASTRULA EcTODERM OF RANA _ PIPIENS 
WitH AND WITHOUT CHORDAMESODERM. HENRY 
S. Emerson, J. Exper. Zool. 93:185 (July) 1943. 


Transplants from the late gastrula stage which are 
grown in the blastema of tadpole tails round up into 
vesicles, with the outer surface of epidermis and the 
epidermal organs facing the inside of the vesicles. 
Presumptive neural plate transplants form brain, eyes 
with lenses, and cartilage. Both presumptive neural 
plate and epidermis form definitive epidermis, suckers, 
horny jaws and nasal sacs. 

Epidermis, suckers and horny jaws occur with the 
same frequency from the entire region of ectoderm 
underlaid by substrate, whereas the nasal sacs depend 
more on presumptive neural plate. 

Lenses develop from late gastrula ectoderm in the 
absence of an optic cup. This method of grafting is 
valuable for study of the first appearance of the self 
differentiation of the lens or of other organs that come 
from gastrula ectoderm. 

Grafts that include both ectoderm and chordameso- 
derm do not form any new structures other than does 
the ectoderm alone, and the ectoderm forms the same 
type of vesicles, 

When the grafts include both ectoderm and substrate, 
the suckers, horny jaws and nasal sacs come from a 
more limited region. The data for restriction of the 
presumptive locations is most significant for the suckers 


and horny jaws. Rep, Boston. 


EFFEects OF DENERVATION AND AMPUTATION oF HIND 
Limes ANURAN TappoLtes. Oscar E. Scuortté 
and MarGaret Hartanp, J. Exper. Zool. 983:453 
(Aug.) 1943. 


The relation between innervation and regeneration 
was studied in the hindlimbs of three morphologic types 
of tadpoles (Rana pipiens, Rana clamitans and Rana 
catesbiana, 35 to 84 mm. in length). 

Prolonged denervation of the left hindlimbs was 
maintained by repeated resections. Both denervated 
and control limbs were amputated at identical levels 
through the basipodium (metatarsals or small tarsals). 
All 73 preparations were studied histologically. 
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In the morphologically undeveloped tadpole limbs the 
results were inconclusive, since in only 1 instance was 
it certain that no regeneration occurred on the dener- 
vated side. However, in the morphologically well 
defined limbs there was no trace of regeneration in 
33 preparations. Twenty-six tadpoles showed incom- 
plete denervation or regeneration of the nerves. 

In the early stages of denervation the initial proc- 
esses of dedifferentiation in the amputated limbs differ 
only slightly from those in the controls, although the 
dedifferentiation processes predominate and the limb 
segments are gradually resorbed, so that no blastema 
is ever formed. 

Prolonged nervelessness in amputated limbs mani- 
fests itself in two ways: In one, after minor regres- 
sion and resorption, a state of equilibrium is reached, 
and the limb remains inactivated even if the nerves 
eventually penetrate into the former amputated area. 
In the second form the initial dedifferentiation phase 
becomes continuous, causing breakdown of structures 
distant from the surface of amputation. To this is 
added a process of resorption, which leads to the dis- 
appearance of whole limb segments. 

Even after regression and resorption of whole limb 
segments, the reestablishment of innervation by regen- 
eration permits the regaining of the normal regenera- 
tive powers in the denervated limb. Regeneration may 
thus start from a more proximal level than the one 
produced by initial amputation. 

In general, these observations agree with those in 
similar experiments on urodele larvae. Differences in 
speed and extent of regression and resorption are 
explained by the greater number of cells and the 
greater compactness in the anuran limbs. 


Rerp, Boston. 


Tue INNERVATION OF SUPERNUMERARY LIMBS BY 
HETEROTOPICALLY GRAFTED BRACHIAL CorDS IN 
AMBLYSTOMA PUNCTATUM. ELIZABETH KING MOYER, 
J. Exper. Zool. 94:97 (Oct.) 1943. 


The brachial region of the spinal cord (segments 3, 
4 and 5) was grafted to a postbrachial level (segments 
7, 8 and 9) in embryos of stages 24 to 25 (Harrison). 
On the following day, anterior limb rudiments were 
grafted lateral to the neural segment. The grafted 
region of the spinal cord lost its capacity to effect 
normal movements in the corresponding grafted limb. 
Only when the supernumerary forelimbs received some 
peripheral supply from the normal brachial plexus were 
their movements coordinated and synchronized with 
those of the intact forelimbs. 

The grafted brachial segments of the cord behave 
like those that have been supplanted. Supernumerary 
limbs supplied by the grafted brachial cord respond 


_ to stimulation with uncoordinated reflex movements. 


These experiments show that the inherent capacity of 
isolated brachial cords for coordinate action is not 
maintained when they occupy a heterotopic position 
within the cord. Specific functions of various seg- 
ments of the cord appear to depend on their relative 
position within the cord as a whole. 

The experiments support previous observations in 
that coordinated locornotor activities in supernumerary 
forelimbs depend on some connection with the normal 


brachial plexus. Boston. 


IMPLANTS CONSISTING OF YOUNG Bups, FORMED IN 
ANTERIOR REGENERATION IN CLYMENELLA, PLUS 
THE NERVE CorD oF THE ADJACENT OLD Part. 
Leonarp P. Saytes, J. Exper. Zool. 94:145 (Oct.) 
1943. 


In the worm Clymenella torquata, implants of nerve 
cord and neighboring tissues from anterior segments 
of nonregenerating donors which have been inserted 
into posterior segments of hosts do not show any head 
features. Tail buds may arise, but head formation is 
inhibited. When such implants are subject to regen- 
erative changes (two to nine days after removal of 
the first five segments), buds may be produced which 
include young heads. Even under these conditions, the 
head-inhibiting factors of the posterior segments of 
the host eventually bring about the regression of the 
small head buds. Implant buds of the 6 to 9 day 
head type do not as a rule undergo regressive changes, 
nor do parts showing tail features develop. 

The inhibitory effect is due not to mere mechanical 
interference of tail-forming cells of the host, which 
overwhelm the weaker, head-forming cells, but to sub- 
stances given off by the newly formed cells which 
arise from the host near the implant and which act 
only in the immediate vicinity of these cells. 


Rerp, Boston. 


REVERSAL OF THE MEDULLA IN AMBLYSTOMA EMBRYOS. 
S. R. Derwiter, J. Exper. Zool. 94:169 (Nov.) 1943. 


An essentially normal structure develops from the 
embryonic medulla which has been reversed end for 
end (anteroposterior axis) in Amblystoma embryos of 
stage 23. The presumptive caudal end becomes the 
larger anterior end and vice versa. The fourth ven- 
tricle develops a typical V-shaped taper. Sample cell 
counts show a progressive decrease in cellular pro- 
liferation in the caudal direction, similar to that of the 
brachial region of the cord which has been reversed end 
for end. 


Parabiosis of larvae with reversed medullas with 
normal embryos must be carried out in order to rear 
the experimental animal beyond the feeding stages. 
When free they are incapable of obtaining their own 
prey. These physiologic defects appear to be associated 
with deficient development of the ears, failure of normal 
development of Mauthner’s neurons and defective in- 
tracentral connections, rather than with failures in 
peripheral innervation. The terminal areas seemed to 
be well supplied with nerves. 

The ganglionic complexes on the free side of the 
experimental component of the parabiotic twins are 
as well developed as those of the normal component. 
As was expected, the ganglia on the fused side of each 
component are reduced in size. Rew, Boston. 


DEFICIENT EFFERENT INNERVATION OF THE EXTREMI- 
TIES FoLLOWING REMOVAL OF THE NEURAL CREST 
in Amsiystoma. C. L. Yntema, J. Exper. Zool. 
94:319 (Dec.) 1943. 


Bilateral removal of the crest of the neural folds 
was carried out in Amblystoma punctatum embryos at 
stage 15 or 16. Some removals were more extensive 
than others. In most cases the tissues were stained 
with Bodian’s silver method. Extensive removal of the 
neural crest often results in deficient motor innervation 
of the forelimbs and hindlimbs. Such limbs are not 
functional. When all nerves are absent, the limb 
muscles are atrophic. When the motor supply is ade- 
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quate, the absence of a sensory supply does not prevent 
spontaneous activity. In nonfunctional limbs, the mus- 
cles which are innervated and normal may determine 
the posture. The presence of early sheath cells appears 
to be essential for the motor fibers to reach and pene- 
trate the extremities and establish a complete distribu- 
tion. The number of primary motor fibers seems to 
be independent of sheath cells. Variations in the size 
of the motor roots of experimental animals are corre- 
lated with the number of secondary fibers present. 


Rerp, Boston. 
Physiology and Biochemistry 


Tue Nervous SYSTEM AND REGENERATION OF THE 
FORELIMB OF ADULT TrituRUS: II. THE ROLE oF 
THE SeNsory Suppry. Marcus Sincer, J. Exper. 
Zool. 92:297 (April) 1943. 


After operations on brachial nerve of the left side of 
adult Triturus viridescens, bilateral amputation of the 
forelimb was performed in the distal third of the upper 
arm. Destruction of the brachial motor supply alone 
or together with the sympathetic nerve supply showed 
that regeneration of the forelimb can occur when the 
normal sensory supply alone is present. When, in 
addition, the dorsal roots are cut, there is no loss of 
regenerative capacity of the limb. Neither central con- 
nections nor special efferent fibers of the dorsal root are 
involved in this action of the sensory component. The 
trophic influence on regeneration has its origin appar- 
ently within the sensory neurons. 

When, in the absence of motor and sensory nerve 
roots, the sensory ganglia are partially destroyed, and 
the sensory supply to the limb is reduced, there is no 
regeneration of the limb. The author concludes that 
the isolated sensory supply must meet certain quantita- 
tive requirements (the number of fibers is unknown at 
present) before regeneration of the limb can occur. 


Boston. 


CHOLINESTERASE AND THE BEHAVIOR PROBLEM IN 
AmstystoMA: III. THe Distrisution oF Cuo- 
LINESTERASE IN NERVE AND MUSCLE THROUGHOUT 
DEVELOPMENT; IV. CHOLINESTERASE IN NERVELESS 
Muscite. CuHartes H. Sawyer, J. Exper. Zool. 
94:1 (Oct.) 1943. 


A quantitative study of the distribution of cholines- 
terase in various tissues (especially nerve and muscle) 
of Amblystoma punctatum was made throughout larval 
life. 

The small amount of cholinesterase present in pre- 
motile embryos is concentrated in nerve and muscle 
and in presumptive nerve and muscle as early as the 
neurula stage. During the swimming stages the enzyme 
is segregated in nerve and muscle to the extent that 
the increase in amount in the whole embryo can be 
attributed almost exclusively to its increase in these 
two tissues. The highest concentrations of the enzyme 
in both nerve and muscle are correlated with the high 
degree of rapid motility and the high respiratory rate 
that obtains a few days after feeding has begun. The 
adult levels for nerve and muscle are, respectively, 
about 35 and 13 per cent of the values for these tissues 
at their peaks. The decreases in enzyme concentration 
probably result from a decrease in proportions of the 
esterase-producing structures with an increase in the 
mass of enzyme-free elements. 

Nerveless muscle has been produced which, morpho- 
logically and functionally, is similar to that described 
in the frog by other investigators. This muscle has 
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never been under nervous influence and therefore lacks 
the elements of neural degeneration and regeneration. 

At first the cholinesterase activity of nerveless mus- 
cle is only slightly less than that of innervated muscle 
of larvae of the same age, but during the later stages 
(Harrison stages 41 to 46) the denervated muscle has 
an esterase activity only 31 per cent that of the con- 


trol animals. Rerp, Boston 


Errect oF OF GROWING CHICcks, 
A. V. NALBANDov and L. E. Carp, J. Exper. Zool, 
94:387 (Dec.) 1943. 


Complete hypophysectomy of brown leghorn chicks 
at about 60 days of age does not result in rapid death, 
as is the case with adult birds. 

About 12 per cent of the birds died during or within 
a few hours of the operation. Thirty-seven were found 
to be completely hypophysectomized; of these, 70 per 
cent died within one to thirty days after the operation, 
while 30 per cent lived from thirty-one to three hundred 
and seventy-four days. Eventually all the birds died 
in convulsions and gasping for breath. 

The average temperature of the hypophysectomized 
chickens was 41 C., while that of the controls was 
42 C. Antemortem temperatures dropped sharply to 
about 35 C. 

The increase in body weight which continued after 
removal of the hypophysis was due to the abnormal 
deposition of fat, the carcasses of such chickens con- 
taining five to seven times as much fat as do those 
of controls. There was slight increase in length of the 
long bones. 

The fat content of the blood was not higher than 
that of normal birds. The level of fat in the blood 
of both normal and hypophysectomized birds was raised 
by injections of estrogens. Hypopituitarism might cause 
high production or storage of bile in chickens. Splanch- 
nomicria was pronounced. 

In addition to degeneration of the gonads, with their 
associated structures and behavior patterns, there was 
rapid degeneration of the thyroid. The degeneration 
of the adrenals resulted in complete disappearance of 
cortical tissue and in decrease of the medullary por- 
tion, which after prolonged apituitarism might regain 
some appearance of normal organization. 


Rep, Boston. 


LocALIZATION OF THE SALIVATORY CENTER IN THE 
MEDULLA oF THE Cat. S. C. Wang, J. Neurophysiol. 
6:195 (May) 1943. 

Wang stimulated the lower portion of the brain stem 
of 35 cats by means of the Horsley-Clarke stereotaxic 
instrument and obtained a copious flow from the homo- 
lateral salivary glands on stimulation with a weak 
current. Analysis of the responsive locations revealed 
that salivary flow was induced by stimulation of intra- 
medullary visceral afferent systems, such as the solitary 
fasciculus and its nucleus and certain portions of the 
spinal nucleus of the trigeminal nerve and its tract. 
On the efferent side, the results suggested that the 
nuclear masses associated with salivary secretion might 
be either in the medial position caudal to the facial 
genu or, more probably, in the dorsolateral region of 
the lateral reticular formation, dorsal to and at the 
level of the facial nucleus. No sharp division occurred 
between the centers of the salivatory fibers carried by 
either the seventh or the ninth nerve. The rostral por- 
tion of the nuclear mass supplies the submaxillary 
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glands; the caudal portion, the parotid glands, and ,an 
intermediate portion, both glands. 


Forster, Philadelphia. 


LocALIZATION oF ENzyMes IN Nerves: II. Resprra- 
TorY EnNzyMEs. D. NACHMANSOHN, H. B. STEIN- 
pacH, A. L. Macnwapo and S. SpreceLMAN, J. Neuro- 
physiol. 6:203 (May) 1943. 


Nachmansohn, Steinbach, Machado and Spiegelman 
studied the distribution of cytochrome oxidase in the 


"nerve tissue of the squid. The concentration in the 


head ganglion was found to be remarkably high. The 
concentration is lower, but still relatively high, in the 
axoplasm extruded from the trunk containing the giant 
axon. This is considered evidence that, in contrast to 
cholinesterase, the bulk of respiratory enzymes is con- 
fined to the axoplasm. Oxidation of pyruvic acid in the 
minced head ganglion occurs at a rate similar to that 
of p-phenylenediamine, but in the ground suspension of 
the head ganglion the activity of pyruvic oxidase falls 
off rapidly despite the addition of substances aiding the 
oxidation. In the axoplasm the rate of oxygen uptake 
was low, and was about the same with pyruvate as 
with p-phenylenediamine. This was attributed to the 
rapid loss of activity on destruction of the cell structure. 
The presence of diphosphothiamine strongly increased 
pyruvic dehydrogenation, and this may be of significance 
in the formation of acetylcholine. 


Forster, Philadelphia. 


FUNCTIONAL ORGANIZATION OF FRONTAL POLE IN 
MONKEY AND CHIMPANZEE. MaArGARET A. KEN- 
NARD and WARREN S. McCuttocn, J. Neurophysiol. 
7:37 (Jan.) 1944. 


Kennard and McCulloch studied the functional organi- 
zation of the frontal pole in monkeys and chimpanzees. 
Area 8 was mapped out by means of electrical stimula- 
tion and observance of movements of the eyes. This 
served as the posterior border, and the functional 
organization of areas anterior to this were investigated 
by means of strychninization. Eight areas in the chim- 
panzee could be delimited by this technic, two of the 
areas being on the orbital surface and the other six on 
the convexity. The lowermost area on the convexity 
extended to the orbital surface. The area lacking 
callosal connections presented the widest axonal field. 
The area at the tip of the frontal pole revealed the most 
restricted firing. Area 8 was observed to be of con- 
siderably greater extent than it is believed to be. . 


The experiments on the monkeys failed to demonstrate 
a correlation with the cytoarchitectonic subdivisions. 
Kennard and McCulloch point out that the frontal pole 
of the chimpanzee resembles the highly differentiated 
and complex frontal pole of man. 


Forster, Philadelphia. 


THE DistriBuTION OF ACETYLCHOLINE IN BRAINS OF 
Rats oF DirrerENtT Aces. JoHN H. WeEtsH and 
Jane E. Hype, J. Neurophysiol. 7:41 (Jan.) 1944. 


Welsh and Hyde studied the distribution of acetyl- 
choline in the brains of rats of different ages, using the 
Welsh cold—Ringer solution method to determine the 
free acetylcholine. The distribution of free acetylcholine 
varied widely in the different structures of the nervous 
system and changed with age. At birth the concentra- 
tion was highest in the medulla and lowest in the 
pallium, while in adult rats the concentration was lowest 
in the cerebellum and highest in the brain stem. More- 
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over, with age an increase was observed in the acetyl- 
choline per unit weight of the entire brain. Welsh and 
Hyde were able to correlate the distribution of acetyl- 
choline and that of cholinesterase. The changes asso- 
ciated with age in concentration of acetylcholine in vari- 
ous parts of the brain paralleled changes in respiration, 
utilization of dextrose and glycogen storage. An excep- 
tion to this, however, was the pallium. The parts of the 
nervous system least resistant to hypoglycemia and 
anoxia were lowest in acetylcholine, while those most 
resistant were highest in acetylcholine. 


Forster, Philadelphia. 


REFLEX StTuDIES IN ELECTRICAL SHOCK PROCEDURES. 
F. F. Krno, Brain 67:152, 1944. 


Kino divides the motor manifestations of electric shock 
into four phases: (1) the paroxysm, or tonic spasm; 
(2) the tonic cramp; (3) the clonic convulsion, and (4) 
the postconvulsive phase. After the convulsive jerks 
the legs remained for about one minute in extensor 
hypertonus, which disappeared first at the knee. The 
motor reaction of the arms differed from that of the 
legs, extension of the arms being much more pro- 
nounced. No evidence of paresis was seen. As a rule, 
the reflex manifestations were constant in the same 
person. Usually the deep reflexes were exaggerated 
in the first five minutes of the postconvulsive period, 
although in some instances they were abolished; this 
was especially true of the knee jerk. The supinator 
jerk was unusual in that it was commonly absent dur- 
ing this period. The superficial cutaneous reflexes 
produced no reaction for several minutes, and then 
for eight to ten minutes a positive Babinski response 
was obtained. Only the corneal reflex was not inhib- 
ited by the convulsive discharge. A grasp phenomenon 
could be obtained in a large number of cases, but this 
reflex differed qualitatively from that seen with lesions 


of the frontal lobe. FORSTER, Philadelphia. 


Sensory AREAS OF THE BRAIN. E. D. Anprian, Lancet 
2:33 (July 10) 1943. 


Adrian discusses the results of stimulations of sensory 
receptors as registered in the cortex. The various 
cortical areas are mapped for various modalities in 
different animals. 

In an anesthetized animal a pencil of light thrown on 
the retina will be registered in a corresponding small 
part of the occipital cortex. This will be edited in 
different ways in different species. Thus, in the monkey 
the macula is represented by many more fibers than is 
‘the periphery of the retina. 


In man the visual system is the only sensory system 
that can be studied without opening the calvarium and 
applying stimulation directly to the cortex. When a 
flickering light is flashed at timed intervals before the 
entire retina, the cortical waves over the occipital area 
are found to correspond in rate of discharge to the 
frequency of flicker. The author believes that if small 
enough cortical areas could be studied, the spatial, as 
well as the temporal, response of the cortex to retinal 
stimulation could be studied. 


Sound and smell sensibilities are also represented by 
receiving areas in the brain. Thus, in the cat, a deep 


tone stimulates the apical cochlear endings, which 
register on the posterior part of the auditory cortex. 
Complex tones produce rhythmic responses in the 
cochlea, and these are rhythmically registered over the 
auditory cortex. 


The auditory area is too small for 
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determination of its response through the unopened 
human skull. 

Tactile sense, as well as sound, sight and smell sen- 
sations, are represented in the cortex. Because this 
representation is over a fairly extensive area, the post- 
central region, the spatial distortion or editing done in 
the cerebrum can be particularly well studied. The 
cortex does not want to be bothered to the same degree 
with stimuli from all parts of the body surface. In 
various species different parts of the body will be 
emphasized in widely different degrees. The monkey, 
and even the cat, have large cortical representations 
for the forelimbs. The digits or claws have localized 
representation, but the face area is larger. In the 
hoofed animals the forelimbs are not used for more 
than semiautomatic movements, so that they are of less 
import in the cortical registry. But in these animals 
the snout takes on particular significance. In the pig 
the upper lip and snout are registered by an area on 
a scale equal to that on which the hand is mapped in 
man. The goat and sheep have the upper and lower 
lips particularly well mapped in the cortex. The fibers 
from the lips are represented ipsilaterally in the cortex. 
It is suggested that this absence of crossing is a char- 
acteristic of the ruminants, but whether or not this is 
true of the cow is not yet known. Two horses tested 
by Adrian had greater cortical emphasis on the nostrils 
than on any other surface area. 

It is the face, therefore, and particularly the snout, 
nose or lips, which are so important to all animals. It 
comes first, wherever they go, whatever they do. Man 
has remarkable emphasis on the face, remarkable to 
Adrian because the face no longer has the significance 
it has in the carnivores and ungulates. The tactile 
responses of the human face are not so important to 
man as are those of the hands. 


McCarter, Philadelphia. 


WaATER-PitrESSIN TEST IN THE DIAGNOSIS OF EPi- 
Lepsy. H.G. A. P. Dick and C, W. M. 
Wuirty, Lancet 2:566 (Nov. 6) 1943. 


Garland, Dick and Whitty describe a test designed to 
make a definite and rapid diagnosis of epilepsy. The 
object is to precipitate an attack in men who are up 
for military service, so that diagnostic delay and in- 
decision may be eliminated. Actually, solution of pos- 
terior pituitary, not pitressin, was used. 

The patient was kept in bed on a normal diet during 
the test and for twenty-four hours thereafter. A pint 
(473 cc.) of water was given hourly from 7 a. m. until 
the test was discontinued, usually after 11 pints (5.2 
liters) had been administered. Solution of posterior 
pituitary was given hourly, beginning at 10 a. m., in 
doses of 0.2, 0.3, 0.4 and 0.5 cc., followed by four doses 
of 0.5 cc., to make a total of eight doses. The patient 
was weighed after the bladder was emptied at 6:55 
a. m. and at three hour intervals for twelve hours and 
again at the end of twenty-four hours. The blood 
pressure was taken every two hours from 9 a. m., or 
more frequently if there were marked fluctuations. The 
fluid intake (water, milk, lemonade and a preparation 
of malt extract, dried milk, eggs and cocoa) and the 
output were carefully measured from 7 p. m. of the 
previous day. The test was discontinued at once if a 
fit occurred, and phenobarbital (1 grain [0.065 Gm.]) 
was given by mouth. The test was also stopped if 
there was severe vomiting, abdominal discomfort or 
severe or persistent headache. 

The test groups consisted of patients with undoubted 
epilepsy, epileptic patients whose condition was not 
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differentiated from hysteria, and “epileptic” patients 
believed to have true hysteria. Under this regimen the 
last group had no attacks at all. Of the first group 
of 44 patients, 17 had attacks, and of the second group 
of 32 patients, only 12 had attacks. There were no 
deaths in their series and the authors know of only 
1 case on record, that of an elderly man. One patient 
had a severe headache and another went into shock, as 
shown by lowering of the pulse and the blood pres- 
sure. No other effects were considered serious though 
90 per cent had some headache. The authors believe that 
for younger patients the test is safe and helpful. 


McCarter, Philadelphia. 


Psychiatry and Psychopathology 


PREFRONTAL LospotoMy : CONVALESCENT CARE AND AIDs 
TO REHABILITATION. WALTER FREEMAN and JAMES 
W. Watts, Am. J. Psychiat. 99:798 (May) 1943. 


Freeman and Watts, on the basis of 150 cases, con- 
clude that the most satisfactory results in prefrontal 
lobotomy are obtained when the incisions lie close to 
the plane of the coronal suture and are sufficient to 
interrupt 80 to 90 per cent of the fibers in this region. 
These are the fibers joining the thalamus—the center 
of emotions and of unconscious regulation of bodily 
activities—and the frontal lobes—areas concerned with 
the elaboration of ideas regarding self and the imagina- 
tion to perceive what ought to be done. Patients best 
suited for prefrontal lobotomy are those whose emotions 
are largely concerned with themselves. In general, the 
time factor is less important than the degree of break 
with reality. After operation the patient enters a 
phase of inertia, indolence and apathy. Freeman and 
Watts stress the need of preparing the family for the 
patient’s return home. Problems to be faced by the 
family include the patient’s inertia, the lack of emo- 
tional appreciation of the future and the absence of 
self consciousness. The patient must be regarded as 
a child and retrained accordingly. Special problems, 
such as extravagance and alcoholism, must be guarded 
against. Epileptic seizures occur in 10 per cent of pa- 
tients. The period of convalescence varies, but patients 
may make a relatively complete recovery, though some 


defects may remain. Forster, Philadelphia. 


A Fottow-Up Stupy oF ONE HuNpRED AND ELEVEN 
NONHOSPITALIZED DEPRESSED PATIENTS AFTER Four- 
TEEN YEARS. Ltioyp H. ZEIGLER and PHILIP 
HeEERSEMA, Am. J. Psychiat. 99:813 (May) 1943. 


After fourten years Zeigler and Heersema were able 
to obtain information on 84 of an original group of 
111 patients with depressions who were not hospitalized. 
Twenty-five of the 84 patients had died, 7 of them by 
suicides. For 4 patients a second diagnosis of schizo- 
phrenia had been made. Forty of the 59 living patients 
were working. The patients who recovered had simpler 
disorders, and neurotic and hypochondriacal trends 
combined with depression tended to accentuate the 


chronicity. Forster, Philadelphia. 


ProGNnostic FACTORS IN THE INVOLUTIONAL PSYCHOSES. 
Stoney Drosnes, Am. J. Psychiat. 99:818 (May) 
1943. 


Drobnes studied 51 patients with involutional melan- 
cholia and found that 23 had improved or recovered 
and that the condition of 28 was unimproved or worse. 
The rate of recovery was higher in male patients and 
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among introverted types. Depressive features pre- 
dominated in 78 per cent of patients who recovered. 
The presence of schizophrenic features carried a poor 
prognosis. Drobnes indicates that involutional melan- 
cholia might more properly be diagnosed as either 
manic-depressive psychosis or schizophrenia which has 


occurred late in life. Forster, Philadelphia. 


SoMATOPSYCHIC DisorDERS OF Ace. Harorp D. 
PALMER, FRANCIS J. BRACELAND and DonaLp W. 
Hastincs, Am. J. Psychiat. 99:856 (May) 1943. 


Palmer, Braceland and Hastings demonstrated the 
increase in admissions to mental disease hospitals of 
patients with senile psychoses and studied in detail 123 
cases of the disorder. Twenty-five per cent of the 
patients made a social recovery and were enabled to 
return to normal life. The authors found prodromal 
symptoms to have been present for six to twelve months 
prior to admission. The importance of recognizing the 
exaggeration of the mental changes of senescence is 
stressed. Multiple causes were found to be almost con- 
stant, and somatic disorders predominated. Treatment 
was directed along general lines, with specific therapy 
as indicated. For patients with correctible somatic 
disorders a better prognosis is possible. The advisa- 
bility of a nation-wide system of preventive treatment 
for the preservation of somatopsychic health in the old 
age group is stressed. Forster, Philadelphia. 
Use oF AMPHETAMINAE SULPHAS IN FACILITATING 

ELECTRICALLY INDUCED Convutsions. K. C. BatLey, 

Brit. M. J. 1:250 (Feb. 27) 1943. 


Use of electricity in strengths high enough to produce 
convulsions in the treatment of mental disorders may 
not be altogether harmless. For this, and for other 
reasons, it would be desirable to reduce the threshold 
of electric convulsions. This can be achieved by in- 
creasing the interval between successive treatments, but 
the method is impractical. The convulsion threshold 
can also be lowered by the use of drugs which have a 
stimulating effect on the cerebral cortex. The author 
found amphetaminae sulfate satisfactory for this purpose. 
An oral dose of 5 mg. was given to each of 6 patients to 
test their susceptibility, and thereafter 10 mg. was given 
one hour before each electric shock treatment. Every 
patient showed a reduction in the convulsion threshold. 
Two patients exhibited postconvulsive excitement, which 
was probably not due to the drug; no other undesirable 
effects were noted. Ecuors, New Orleans. 
PsyCHOLOGICAL Factors IN ASTHMA. 

Brit. M. J. 1:406 (April 3) 1943. 


Rogerson’s study of a series of asthmatic children has 
shown that they tend to be of a special personality 
type, characterized by (1) above average intelligence; 
(2) irritability, aggressiveness and quickness to respond, 
and (3) overanxiety, insecurity and lack of self con- 
fidence. He believes that such a child’s personality is 
merely a psychologic expression of the physical traits 
of irritability and sensitivity of the skin, mucous mem- 
branes and smooth muscles. He noted that there was 
an unusual quality in the relations between the asthmatic 
child and one or both of his parents. 

Rogerson explains the conversion of psychologic con- 
flict in children with asthma into physical symptoms in 
the following way: The symptom may be (1) symbolic 
of the nature of the conflict; (2) a sign, but not a 


C. H. Rocerson, 
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symbol, of the nature of the conflict; (3) the result 
of a conditioned reflex, or (4) of teleologic origin, 
i. e., acquired as a means of avoiding a difficulty or 
gaining an end. One of the most important roles of 
the psychologic factor in asthma is to render the 
organism more sensitive to the operation of the physi- 
cal factors which produce the attack. The child’s 
parent can best direct the development of his person- 
ality under the guidance of a physician who also 
supervises the physical treatment. 


Ecnots, New Orleans. 


InrrA-GrouPp TENSIONS IN THERAPY: THEIR STUDY 
AS THE TASK OF THE Group. W. R. Bron and 
J. Rickman, Lancet 2:678 (Nov. 27) 1943. 


Bion managed by group treatment 300 or 400 men 
in a training wing of a military hospital over a six 
week period. He was convinced that the type of dis- 
cipline needed is based on two main factors: a common 
danger, to provide a common aim, and an experienced 
officer who knows himself and his men. The neurotic 
behavior of the men was that of reaction to danger. 
It remained for the officer in charge to help the patients 
see this for themselves. 

A general routine of daily activity was arranged. 
This included one hour of physical training and activity 
in groups for study of carpentry, correspondence courses, 
map reading, etc. If the patient wished, he could form 
a new group for type of activity not already existing. 
A quiet room for reading and resting was available 
for men who felt unable to attend their group. A daily 
meeting was held to make announcements and discuss 
activities. This was really to allow the members of 
the training wing to look at themselves. The system 
resulted in some slacking at first; but after it was made 
clear that the cure was the responsibility of the men 
themselves, a change for the better was soon seen. In 
a month the esprit de corps had tremendously improved, 
and the attendance at work groups was better: “It was 
difficult to find time for the work they wanted to do.” 

Bion comments: “The need for organization of 
seminars for group therapy had become clear, and the 
foundation of their commencement appeared to be firmly 
laid. 

“The whole concept of the ‘occupation’ of the train- 
ing wing as a study of, and a training in, the manage- 
ment of interpersonal relations within a group seemed 
to be amply justified as a therapeutic approach.” 

On the other hand, there were “lessons to be learnt.” 

“Some of these raised serious doubts about the suita- 
bility of a hospital milieu for psychotherapy. It was 
possible to envisage an organisation that would be more 
fitly described as a psychiatric training unit. . . . 
The psychiatrist [himself, it was felt, needed] the out- 
look, and the sort of intuitive flare, of the good unit 
commander.” 

Bion points to the need for insight into the psy- 
chologic origin of so many distresses on the part of 
society, as well as the individual. 

Rickman discusses work with patients in- the same 
hospital in a small ward. These men had a personal 
interview for history taking on admission, after which 
they met for daily group discussions and took an 
hour’s march. Later, they could meet the psychiatrist 
privately and talk over topics of discussion. These 


questions included ways of meeting the constant change 
of ward members, what influence rank was to have in 
the ward and what made for discontent and what for 
happiness in the ward. The patients were ready and 
eager to discuss these things. 
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Finally, the two authors define the good group spirit 
as consisting of a common purpose and a common 
recognition of the boundaries of the group. There 
must be the capacity to get and lose members without 
loss of group individuality but with freedom from in- 
ternal subgroups of rigid limits. Each individual should 
be free within the boundaries set by the group. 

These studies are felt to point to need for further 
examination of the group as against the individual on 
whom psychology and psychopathology have previously 


centered. McCarter, Philadelphia. 


Meninges and Blood Vessels 


CONGENITAL ANEURYSMS OF THE CEREBRAL ARTERIES. 
J. L. Bremer, Arch. Path. 35:819 (June) 1943. 


Bremer finds that the cerebral arteries are evolved 
from a capillary plexus arising from the earliest branch 
of the primitive aortic arch, which runs along the under 
side of the brain. From the rostral end of the plexus, 
branches pass in front of the bulging hemisphere and 
over its lateral surface, becoming the anterior and 
middle cerebral arteries. Another part of the plexus 
forms the posterior cerebral artery, covering the dien- 
cephalon and the midbrain. The anterior artery gains 
the mesial surface of the frontal lobe; the posterior 
artery supplies the surface of the posterior lobes similar 
to that which their expansion covers in the diencephalon. 
All the cerebral arteries approach from the lesser curva- 
ture of the expanding hemisphere, and the interstitial 
growth of the latter during fetal life rapidly spreads 
the forks of their branches. Other growth changes 
have the same action. If these branching forks lack 
a media, the rapid spread may produce local aneurysms. 

From all the cerebral arteries and from the main 
basal trunk smaller branches dip into the brain sub- 
stance and supply the meninges. These branches also 
form plexuses. Proximal members of such plexuses 
may enlarge while their distal continuations degenerate 
and may thus become aneurysmal pouches from the 
main vessels. Both types may be true congenital 


aneurysms, WINKELMAN, Philadelphia. 


CHRONIC MENINGEAL SYPHILIS, WITH SOME COMMENTS 
ON THE PATHOGENESIS OF NEUROSYPHILIS. CLEM- 
son Marsu, Bull. Los Angeles Neurol. Soc. 8:75 
(Sept.) 1943. 


Marsh reported necropsy observations in 53 cases of 
chronic meningeal syphilis. In many cases of uncom- 
plicated chronic meningeal syphilis there were few 
neurologic signs. He states that most cases in which 
a diagnosis of asymptomatic syphilis was made on the 
basis of spinal fluid findings alone were in reality in- 
stances of chronic syphilitic meningitis. 

Two types of leptomeningeal lesions are described: 
One is a diffuse thickening of the membrane with 
lyrgphocytic infiltration throughout, and the other type 
is characterized by perivascular round cell infiltration. 
The latter is thought to be the probable precursor of 
meningovascular syphilis and dementia paralytica. 

Syphilitic meningitis has been considered the common 
denominator to which various forms of neurosyphilis 
may be traced. The author states that pathologic study 
alone does not explain why the disease shows con- 
siderable variation, but this problem may be elucidated 
by immunity studies and the factor of host resistance 
during the stage of meningeal involvement. 


GutTMAN, New York. 
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So CaLiep “Aseptic OR CHEMICAL MENINGITIS.” H, 
Livincstone, V. WELLMAN, D. and Y, 
Lampros, Surg., Gynec. & Obst. 77:216 (Aug.) 1943, 


The authors review the reported cases of aseptic 
meningitis following lumbar puncture or spinal anes- 
thesia. In all cases of the first type recovery occurred. 
In the cases of the second type symptoms were noted 
either immediately or within sixty hours after opera- 
tion. These consisted of headache, fever, painful or 
stiff neck, semicoma or coma, malaise and anorexia, 
vomiting, haziness of the optic disks, increased pulse 
rate, a positive Kernig sign and a variety of reflex 
changes, including a positive Babinski sign. Examina- 
tions of the spinal fluid revealed pleocytosis in all cases, 
the cell content consisting of lymphocytes, polymorpho- 
nuclears or monocytes, without demonstrable organisms. 
Four patients recovered by the fifth to the twenty- 
second postoperative day, while 3 patients died on the 
twentieth to the thirtieth day. Procaine, allocaine (a 
local anesthetic composed of procaine hydrochloride, 
amydricaine hydrochloride, epinephrine and thymol) and 
nupercaine were used in the cases reported. The authors 
describe 2 new cases, in which aseptic meningitis de- 
veloped fourteen hours after operation performed with 
induction of spinal analgesia by procaine hydrochloride. 
The clinical picture was typically that of aseptic men- 
ingitis, with 4,000 and 9,600 lymphocytes respectively 
in the spinal fluid. Except for increased total protein, 
the spinal fluid in each case was normal and under 
normal pressure. The headache in each case was re- 
lieved by removal of 20 cc. of spinal fluid daily. Both 
patients recovered completely, one on the fourth and 
the other on the fifth postoperative day. These cases 
weré the only instances of aseptic meningitis in the 
authors’ series of 4,000 cases in which spinal anesthesia 


was used. SHENKIN, Philadelphia. 


SPONTANEOUS SUBARACHNOID HEMORRHAGE. C. G. 


Macer, Lancet 2:497 (Oct. 23) 1943. 


Magee reviews the cases of 150 patients with spon- 
taneous subarachnoid hemorrhage in which trauma was 
known to play no important part. He investigated 
particularly the possible relation of physical stress and 
strain to the occurrence of subarachnoid bleeding and 
found that in 90 per cent of such hemorrhages the 
patient could not in any way have been under such 
stress. In fact, 28 per cent of patients emphasized 
that they were at rest at the onset of trouble. Fifty 
of the 150 patients had recurrence of the hemorrhage, 
and careful observation proved that they were not 
under strain. Emotional stress was not mentioned. 
Prominent signs and symptoms were: headache, in 105 
patients ; loss of consciousness, in 75 patients; stiff neck, 
in 77 patients and vomiting, in 65 patients. There 
seemed to be a preference for rupture of anterior ves- 
sels in the 84 patients on whom autopsy was finally 
done. All examinations of the cerebrospinal fluid, 
either at autopsy or on lumbar tap, showed that it 
was frankly bloody or xanthochromic. 


McCarter, Philadelphia. 


Diseases of the Brain 


PRIMARY INTRACRANIAL LyMpHosArcomMA. K. H. 
Assott and A. W. Anson, Arch. Surg. 47:147 
(Aug.) 1943. 


Abbott and Adson report in detail 2 cases of primary 
intracranial lymphosarcoma. In the first case, that of 
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a man aged 24, a swelling developed in the parietal 
area, at the site of a previous injury. On examination 
signs of increased intracranial pressure and of contra- 
lateral hemiparesis were present. Operation and sub- 
sequent autopsy disclosed a lymphosarcoma, which arose 
apparently from the dura, eroded the skull and infil- 
trated the leptomeninges. No other lymphosarcomatous 
lesions were observed. The second case was that of a 
woman aged 57 who also had a tumor in the parietal 
region. The neoplasm, which infiltrated the skull, dura 
and brain, proved to be a lymphosarcoma. It was 
partially removed, and roentgen ray therapy was given. 
Later, metastatic lesions developed in the cervical lymph 
nodes. The patient died six years after operation. This 
tumor was diagnosed by biopsy only. 

Cranial lymphosarcoma is classified according to the 
location of its origin. Most commonly, the neoplasm 
arises primarily in the extracranial space, either in the 
deep cervical lymph nodes or in lymphatic tissue sur- 
rounding the eustachian tube. A tumor of the former 
type may extend into the posterior cranial fossa by 
growing through the jugular foramen, with resulting 
involvement of the lower cranial nerves (ninth to 
twelfth) and of the cervical portion of the sympathetic 
chain. A tumor of the latter type invades the middle 
fossa and produces pareses of the third to the sixth 
cranial nerves. 

The tumors in the 2 cases reported by Abbott and 
Adson belong to the rare group of primary intracranial 
lymphosarcoma, which are usually located at the cranial 
convexity. Pathologic evidence suggests that such 
tumors originate either from the dura or from the diploe 


of the skull. List, Ann Arbor, Mich. 


CENTRAL NECROSIS OF THE Corpus CALLOSUM (MARCH- 
IAFAVA-BIGNAMI'S DISEASE): REPORT OF A CASE IN 
AN AMERICAN MAN, WITH COMMENTS ON THE 
PATHOGENESIS OF THE DiseASE. J. M. NIELSEN 
and Cyrit B. Courvitte, Bull. Los Angeles Neurol. 
Soc. 8:81 (Sept.) 1943. 


Nielsen and Courville report a study on an American 
man who had a history of chronic alcoholism associated 
with probable hypovitaminosis. The patient was accus- 
tomed to consuming large quantities of home-made 
Italian claret wine (“dago red”). 

The significant anatomic change consisted of central 
necrosis in the corpus callosum. The authors conclude 
that something in the beverage exerts a selective action 
on portions of the brain, particularly the central part 
of the corpus callosum. Also, they believe that the 
action is enhanced by a reduced intake of vitamin B. 

This is the third case of Marchiafava-Bignami’s dis- 
ease reported in the United States, the second case of 
the disease in a non-Italian and the first in a native- 
born American. GuTTMaNn, New York. 
MULTIPLE METASTATIC ABSCESSES OF THE BRAIN WITH 

ReEcOVERY: Report OF CASE TREATED BY CLOSED 
DRAINAGE. WILLIAM T. GRANT, Bull. Los Angeles 
Neurol. Soc. 8:89 (Sept.) 1943. 


Grant reports on a patient in whom three brain 
abscesses developed, in the right frontal, the right 
frontotemporal and the right temporo-occipital region, 
about two months after empyema on the right side of 
the chest. The patient was treated by repeated tapping 
of the cerebral abscesses and employment of sulfon- 
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amide compounds. Good recovery was made from the 

acute illness, but seizures developed subsequently on 

the left side. Gutrman, New York. 

A Case oF HAEMORRHAGIC ENCEPHALOPATHY Fot- 
LOWING ARSENICAL THERAPY. JAMes P. A. HAL- 
crow, Brit. M. J. 1:663 (May 29) 1943. 


Hemorrhagic encephalopathy, a complication of ar- 
senical therapy which usually occurs within two or 
three days of the second or third injection, is charac- 
terized by drowsiness, irritability and depression, epi- 
leptiform convulsions and, finally, coma. The outcome 
is usually fatal, but immediate treatment may occasion- 
ally be followed by recovery. The pathologic picture 
is one of multiple hemorrhages throughout the brain 
substance. There is considerable speculation regarding 
the cause of the condition. Some investigators have 
considered it an allergic reaction; others think it may 
be due to the toxic action of the benzene radical on 
the capillaries. Halcrow reports the case of a man 
aged 22 in whom arsenical encephalopathy developed 
after the third injection of an arsphenamine prepara- 
tion. Repeated lumbar punctures were performed; epi- 
nephrine and sodium thiosulfate were given, and vene- 
section was done; but the patient died. 


Ecuors, New Orleans. 


Acute Tuyroroxic BULBAR PALsy. 
RENT, Lancet 1:87 (Jan. 15) 1944. 


Laurent points out that acute muscular weakness 
sometimes, though rarely, develops in the presence of 
severe thyrotoxicosis. When present it is chiefly seen 
in the cranial nerves and recovery is rare. Other 
investigators have called it by various names, such as 
“cerebral nerve disturbances in exophthalmic goiter,” 
“myasthenia gravis associated with exophthalmic goiter,” 
“acute thyrotoxic myopathy” and “coma Basedowicum.” 
Laurent describes 2 cases of the condition in women 
who had had an enlarged thyroid gland for many years 
and who complained of nervousness, tachycardia and 
tremor. Bulbar weakness came on in each patient 
while she was under observation for thyrotoxicosis. 
The weakness responded in ten to twenty minutes to 
1 mg. of neostigmine methyl sulfate given subcuta- 
neously, but both patients died within a few days after 
onset of the weakness. In 1 patient the thyroid was 
uniformly enlarged, pale and fleshy and contained little 
colloid, and the thymus was persistent and dark red, 
with fleshy nodules throughout. In the other patient 
the thyroid showed nodular enlargement, with calcifi- 
cation, hyperplasia and colloid cysts here and there. 
The malphigian corpuscles of the spleen were promi- 
nent or enlarged in both patients. 

The author concludes: “The widespread and severe 
weakness which these patients developed acutely while 
under observation may be considered as a fulminating 
myasthenia gravis, or it may be related to thyrotoxic 
myopathy.” The author believes that such a pro- 
nounced response to neostigmine is found only in cases 
of myasthenia, although other conditions with neuro- 
muscular weakness respond to the drug. Settlement 
of the problem “must await the result of thyroidec- 
tomy,” though no patient with the acute form has yet 
survived operation. Thyroidectomy without thymec- 


L. P. E. Lav- 


tomy has never cured myasthenia. 
McCarter, Philadelphia. 
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Errect OF MENSTRUATION ON THE INCIDENCE OF 
Attacks. José O. Rios and Jost PenHa 
Gopoy p’ALAMBERT, Arq. assist. psicopat. estad. de 
Sao Paulo 7:449 (Sept.-Dec.) 1942. 


The effect of menstruation on the incidence of epi- 
leptic attacks was studied in 104 patients over a period 
of eight months. A significant increase of attacks 
during the menstrual periods was observed in 57.7 per 
cent of the patients. The influence of menstruation 
on the convulsive attacks was most evident in the 
age group from 26 to 30, in the calmer patients and 
in those who were poorly nourished. There was no 
relation to color, nationality, marital status or history 
of regularity of menstruation. 

Savitsky, New York. 


Peripheral and Cranial Nerves 


PrasMA Suture oF EXPERIMENTAL 
Tecunic. I. M. Tartov, C. Denstow, S. Swarz 
and D. Prnetes, Arch. Surg. 47:44 (July) 1943. 


Union of divided peripheral nerves by autologous 
plasma clot accomplishes a better anatomic and physio- 
logic restitution of severed nerves than the conventional 
nerve suture, provided the nerve stumps are joined 
without tension. It is possible to obtain by this method 
accurate apposition of nerve stumps with good preser- 
vation of fascicular topography and a minimum of 
scarring at the junction. The authors describe their 
ingenious experimental technic in detail. Special molds 
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are used to keep the nerve ends accurately approxi- 
mated until the plasma has clotted. The plasma method 
is applicable even though the nerve ends may have to 
be joined under moderate tension. In such a case, 
sutures of fine tantalum wire, with the thread far away 
from the cut surfaces of the nerve, afford the necessary 
relaxation of the line of junction. Even large gaps 
between the nerve ends can be repaired by means of 
the plasma clot method. Single or cable grafts are 
glued to both nerve stumps, with use of a specially 


designed mold. List, Ann Arbor, Mich, 


TRIGEMINAL NEURALGIA AT AN EXCEPTIONALLY EARLY 
AcE: Curep By GASSERIAN ALCOHOL INJECTION, 
W. Hararts, Brit. M. J. 2:39 (July 10) 1943. 


Despite the fact that the onset of trigeminal neuralgia 
in four fifths of all cases occurs after the age of 40, the 
disease is seen occasionally in very young persons. The 
patient whose case Harris presents is, he believes, the 
youngest to be reported on. A girl aged 4% years had 
had frequent, daily spasms of pain, lasting a few seconds 
only and referred to the left side of the lower jaw, since 
the age of 16 months, with the commencement of teeth- 
ing. Injection of alcohol into the gasserian ganglion 
resulted in relief of symptoms up to the time of the 
report (seven months). Harris believes that this case 
offers suggestive evidence in favor of the theory that 
the disease is an infective neuritis of the trigeminal 
nerve endings in the maxilla or the mandible, in miost 
cases of dental origin, though occasionally secondary to 


infection of the antrum. Ecuors, New Orleans. 
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Society Transactions 


ILLINOIS PSYCHIATRIC SOCIETY 
CLARENCE NEYMANN, M.D., President, in the Chair 


Regular Meeting, Nov. 4, 1943 


President’s Address: Relation of Psychiatry and 
Physics. Dr. CLARENCE A. NEYMANN, Chicago. 


The subject is extremely broad, and therefore I 
shall touch on only a few important points. In doing 
this, it may be possible to correlate some concepts 
which reach into the distant past with others which are 
based on recent researches. Physics may be divided 
conveniently into experiments in mechanics, sound, heat 
and light and magnetism and electricity. To these can 
be added the more modern concepts of radiation and 
the quantum theory of the structure of matter. Slight 
changes in the amount of light, the force of gravitation 
or the reception of radiation from space would make 
the maintenance of human life impossible. 

Sun bathing is as ancient as man. Prehistoric man 
used sunlight and mechanical devices in the treatment 
of mental disease. Trephining is one of the most primi- 
tive surgical procedures. It was employed to release the 
evil spirits which had entered the cranium. 

The prehistoric shamans and medicine men were well 
informed about the curative and beneficial action of 
external heat. Many aboriginal tribes, such as the 
American Indians, the Negroes of tropical Africa and 
the Javanese, used hot baths in the treatment of acute 
and Chronic infections, often with excellent results. 
Almost three thousand years ago, Homer described the 
benign action of the hot bath and praised its tonic 
effects in states of exhaustion. The Greeks were the 
first to convert their thermal springs into capacious 
baths. Several of these, administered by priest-physi- 
cians, in other words, by better educated shamans, be- 
came famous. They were used in the treatment of both 
physical and mental disease. 

Thus light, mechanical forces and heat have been 
employed for generations in the treatment of mental 
ailments. However, it was not until some knowledge 
of magnetism and electricity had been gained that direct 
intervention in thought processes was attempted. The 
first speculations were rather childish. 

About 1775 Mesmer began to investigate the curative 
powers of the magnet. He formulated the concept that 
a power similar to magnetism exists in the human body 
and exercises an extraordinary influence on it. This he 
called animal magnetism. Although Mesmer’s theory 
was totally discredited and he was undoubtedly a char- 
latan, his ideas were not so silly as they seemed to the 
savants of his time. If Mesmer had exploited hypno- 
tism and suggestion as such, instead of introducing his 
bizarre ideas of animal magnetism, he would have been 
acclaimed as a truly great man. 

Berger first demonstrated brain waves in 1929. Even 
though electroencephalography has not proved as valu- 
able a diagnostic aid as was expected, it is nevertheless 
of some import. At least four types of waves are now 
distinguished, and some of them are associated with 
more or less definite mental states and organic con- 
ditions. After a series of electric shock treatments, the 


normal alpha rhythm is replaced by a broad, slow 
rhythm. 
confused. 


At this point the patient becomes completely 
Every psychogenic psychosis disappears as 


153 


the alpha rhythm is lost and the finer mental mecha- 
nisms are interrupted. After a rest of about ten days, 
the normal ‘rhythm is reestablished, and the patient be- 
comes reoriented. Then either the psychosis reappears, 
after a shorter or longer interval, or it may not return. 
The result probably depends on three factors: 1. The 
extent to which the psychotic trends have become part 
of the personality. Even a deteriorated schizophrenic 
patient, whose psychosis has been well established, is 
not psychotic during the period in which he is totally 
confused. There is not enough thought symbolization to 
produce a psychosis. This state is almost analogous to 
total amentia. On reawakening from his complete con- 
fusion, such a patient immediately resumes his psychosis. 
His mental aberration has become the most important 
part of his makeup. 2. The type of mental illness. 
True depressions and involutional depressive states are 
self limiting. Patients with this type of psychosis 
usually recover after electric shock therapy, provided 
such treatment has been applied to the point of mental 
confusion. Thus, the patient has been given a chance 
to forget about his recent past experiences, which, to- 
gether with the primitive type of his reaction, have 
produced the depression. The artificially induced retro- 
grade amnesia has lifted him “over the hump.” 3. The 
environment to which the patient returns. If the same 
conscious and subconscious stresses and strains are en- 
countered when the patient is reestablished in his home, 
a relapse is to be expected. 

The electromagnetic spectrum represents waves from 
2 angstroms, each equal to 10-8 cm., or 0.000000002 cm., 
in length, to long radio waves, some of which measure 
30 kilometers from crest to crest. This is only part 
of the electromagnetic spectrum. Cosmic rays are much 
shorter than 1 angstrom. At the other end of the 
spectrum the wavelength is only limited by the length 
of the emitting aerial. 

At present the gamma rays of the radium and other 
radioactive elements, as well as roentgen rays, are em- 
ployed in the treatment of intracranial growths and 
malignant neoplasms. Roentgen rays are also extremely 
useful in the localization of intracranial foreign bodies, 
growths and other lesions. The types of treatment and 
diagnosis which depend on the use of electromagnetic 
rays at the short end of the spectrum are well known to 
every psychiatrist. The use of heat rays in the infra- 
red spectrum has already been discussed. 

Short radio waves and damped diathermic waves have 
a thermogenic action while passing through the various 
tissues of the body. The radio waves which are most 
commonly used for the purpose of producing artificial 
fever are between 6 and 30 meters in length. If and 
when the comparatively large mass of a human being 
can be treated with electromagnetic waves emanating 
from a tube or machine putting forth several hundred 
watts of energy at a wavelength of slightly less than 
1 meter, artificial fever will be a comparatively simple 
procedure. Placing the patient in the .vicinity of an 
aerial or in the electromagnetic field of the machine will 
be enough to induce a fever. 

One part of the electromagnetic spectrum has received 
little attention. Physicists call it the quasivisible spec- 
trum. Its waves vary in length from-less than 1 to 
several centimeters. Such ultrashort radio waves are 
now being produced, but only with the greatest diffi- 
culty. The waves emanating from a magnetron oscil- 
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lating at a rate of 30,000,000,000 cycles a second repre- 
sent an infinitesimal output of energy. It may be pos- 
sible to localize cerebral tumors with certainty and 
dispatch by means of such ultrashort radio waves. 
These waves vary in their penetrating power according 
to the density of the medium. They can be amplified 
by an appropriate receiver almost to the. nth degree. 
It should be possible, therefore, to detect slight varia- 
tions in density in symmetrically located areas of the 
head. 

At present all this is visionary. However, it is prob- 
able that in the future physics will contribute even more 
toward the solution of psychiatric problems than it has 
in the past. 


The Illinois Mental Health Act: Admission Pro- 
cedures. Dr. Rupo_pu G. Novick, Elgin, IIl. 


The Illinois Mental Health Act, which was passed by 
the sixty-third general assembly and went into effect 
Jan. 1, 1944, replaces the old Lunacy Act, which was 
passed in 1893. The primary purpose of the act was 
to obtain a commitment law which would treat the 
problem of insanity as a problem of mental illness rather 
than as one of essentially legal nature—that is, a law 
which would eliminate the quasicriminal procedure and 
lessen the emphasis on the technical procedure rights. 
The act represents an attempt to write a law which 
would take into consideration the modern ideas and 
practices of psychiatry and the present dynamic concept 
of mental illness, as well as the present legal concept 
with regard to persons requiring treatment and deten- 
tion because of disorders of the mind. 

The new Mental Health Act provides for four 
methods of admission to a state or licensed private sana- 
torium caring for the mentally ill: (1) on voluntary 
application, (2) on consent by lack of protest, (3) on 
court commitment and (4) on emergency admission. 

On Voluntary Admission (Section 3)—Any person 
of legal age desiring to become a voluntary patient 
may be admitted to a state hospital or a licensed private 
sanatorium on his own written application. The neces- 
sary forms may be obtained from the superintendent of 
the institution. Under this action, minors may be ad- 
mitted on application by their parents, guardians or 
other persons in loco parentis. 

All voluntary patients have the right to leave the 
hospital at any time on giving ten days’ notice to the 
superintendent of their intention to leave. 

This procedure differs from the former statute in 
that (1) it eliminates the requirement of a court cer- 
tificate and (2) it increases the “three day notice pro- 
viso” to one of ten days. 

On Consent by Lack of Protest (Section 4).—This 
form of admission is new in Illinois. It offers another 
means of admission without resort to court commitment. 

Under this section, such persons as are designated 
by law may apply for admission of an allegedly men- 
tay ill person to a hospital for the mentally ill. In 
addition to the verified application, the patient must 
have a certificate executed by a physician duly licensed 
to practice medicine in this state. This certificate and 
the verified application are submitted to the county 
judge. The judge shall serve to the person alleged to 
be mentally ill and to such persons as are designated by 
law notice of the time and place when the physician's 
certificate and the application will be examined by him. 
The judge shall appoint another physician to examine 
the patient and to record his findings and submit them 
to the court. 
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If, on the basis of the verified application and the 
two certificates, the judge is satisfied that the patient 
is mentally ill and in need of institutional care and 
treatment and comprehends the nature of the admission 
and the detention procedures, and if it appears to the 
county judge that neither the patient nor an authorized 
person demands court commitment, and the judge is 
satisfied that court commitment need not be followed, 
the judge will approve the application and certificate, 
The patient will then enter a hospital for the mentally 
ill on the judge’s approval. 

All patients received under this section have the 
right to leave the hospital or institution at any time 
after ten days’ notice to the superintendent. 


Court Commitment (Section 5)—This procedure is 
similar to the one previously in effect. Some of the 
changes which the various groups sponsoring the bill 
deemed advisable from a psychiatric point of view have 
not been included in the final act. The changes which 
have been made, however, do pave the way and hold 
promise for the future. 

The differences between this act and the previous 
statute are of legal nature and will be discussed by the 
following speakers. Suffice it to say, however, that 
under this section the county judge will hold a hearing 
to determine whether or not the patient should be com- 
mitted. The judge shall appoint one or two physicians 
who shall examine the patient prior to the hearing held 
by the judge. This section provides for trial by jury 
if such trial is demanded. This section states: “Any 
person into whose mental condition a judicial inquiry 
shall have already begun may elect to enter a hospital 
under any of the other three types of admission.” 

Temporary Detention (Section 9).—“A person alleged 
to be mentally ill may be temporarily detained for a 
reasonable time, not exceeding fifteen days, pending a 
judicial investigation of his mental condition, when not 
to do so would endanger his own life or the life of 
others.” Such a person may be received immediately by 
any institution caring for the mentally ill or by a 
municipal or county institution approved by the Depart- 
ment of Public Welfare on written statement or recom- 
mendation of a physician. 

The superintendent of any institution may refuse to 
receive such a mentally ill person if he believes that 
the condition of the patient is not of such character as 
to require immediate treatment. 

The provisions for temporary detention in the new 
Mental Health Act differ from those for emergency ad- 
mission in the previous statute in three significant ways: 


1. The act authorizes local governments to provide 
suitable, permanent places for the reception and tem- 
porary care and nursing of mentally ill, or alleged 
mentally ill, persons, and it further provides that these 
places must meet the standards of the Department of 
Public Welfare. 


2. It bans the reception of persons for temporary de- 
tention without written recommendation by a licensed 
physician. 

3. It extends the time limit for temporary detention 
from ten to fifteen days. 


The Illinois Mental Health Act, with Special 
Reference to Sections 10 to 26. Dr. CHARLES 
F. Reap, Elgin, II. 


The sections under consideration provide that a per- 
son admitted to a state hospital is to be maintained 
without expense, as has been the custom for many 
years in Illinois, and that even before admission to such 
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a hospital has been legally arranged, “the Department, 
or any Health Officer of the State, or of any munici- 
pality, where any mentally ill person may be located, 
may inquire into the manner in which any mentally ill 
person who is not a patient in a state hospital for the 
mentally ill is cared for and maintained.” This is an 
important clause because it authorizes, and implicitly 
promises, official response to any reasonable complaint, 
by way of direct investigation of the family and com- 
munity situation, presumably to be followed by appro- 
priate action, if indicated. 

Investigation of care in private institutions, as well 
as in state hospitals, is specifically demanded, requiring 
the Department of Public Welfare, when such action 
may be indicated, to examine and ascertain whether 
these institutions are being conducted in compliance 
with departmental rules and regulations calculated to 
guard against abuse or neglect of patients. 

In addition to the ever present right of habeas corpus, 
a person may be discharged even after commitment by 
court order, after filing a petition “in the proper county 
court, as herein provided, containing a statement of 
facts relative to the recovery of the patient concerned, 
which petition shall be supported by the certificates of 
two physicians.” If and when the court or jury in the 
case determines that the patient is recovered from his 
mental illness, the court may discharge him, following 
this action with an order restoring him to all rights 
as a citizen. As heretofore, the superintendent of an 
institution for the mentally ill “may discharge a patient 
who is in their judgment recovered.” Furthermore, 
the superintendent may grant a “conditional discharge” 
(a pleasant phrase now used in place of the disagreeable 
term “parole”’) for a period not exceeding one year, 
renewable if desirable. 

The right of the patient to proper care and nursing 
while temporarily detained pending legal action and 
transfer to a mental hospital is provided by section 9, 
and has been discussed. 

The rights of the patient when hospitalized, further- 
more, are guaranteed by the requirement that “all 
letters written by the patient to the Governor and 
various officers of courts of record, also licensed 
attorneys at law, must be forwarded at once to the 
person to whom they are addressed without examination. 
Also letters in reply must be delivered to the patient.” 

Moreover, a person whose discharge as “cured,” or 
as being without mental illness, has been reported to 
the county judge shall be restored by an order of such 
judge to all his rights as a citizen. Even after a dis- 
charge as “not cured,” restoration of rights may be 
sought in the county court where the commitment was 
made. 

Moreover, the department is authorized, if not re- 
quired, to investigate the case of any one thought to be 
“wrongfully deprived of his liberty, or who is cruelly 
treated, or inadequately cared for in a public or private 
institution.” Provision is made for this investigation 
to be conducted in approved legal fashion. 

Appeal may be made from the findings of the county 
court to the circuit court by any person who considers 
himself aggrieved by the act of the county court in 
committing him. Appeal from this court may also be 
made to the appellate court, although such an action is 
seldom taken. 

Any person conspiring unlawfully or improperly to 
commit any person to any hospital or institution for the 
mentally ill, or who shall receive or detain a mentally 
ill person contrary to the provisions of this act, or any 
person who shall maltreat any mentally ill person, or 
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who shall violate any provision contained in this act 
may be prosecuted as a misdemeanant and “upon con- 
viction shall be fined not less than $50 nor more than 
$1,000, or imprisoned not exceeding six months.” This 
clause would seem to deal effectively with the problem 
of nonlicensed sanatoriums or homes. 

Since the Department of Public Welfare, by reason 
of specific provision, as made in these various sections, 
and by way of its own rules and regulations, acts in 
loco parentis to all the mentally ill of the state, it not 
only must provide good care in state hospitals, but 
must survey private sanatoriums, license them when 
this may seem proper and revoke these licenses when 
and if conditions of care and treatment become un- 
satisfactory. 

The Department may board patients out in private 
homes, and may even arrange for community employ- 
ment when this is deemed advisable. 

The Department shall see to it that conservators or 
guardians expend such part of the patient’s estate “as 
the Court appointing such guardian or conservator shall 
direct, in providing a suitable place for his confinement 
and treatment.” 

Patients who escape and are “considered to be danger- 
ous if at large” are to be sought for and returned at 
the expense of the Department or of the private institu- 
tion involved. Nonresidents must be returned to the 
various states of their residence, and a person who 
brings to the state for the purpose of hospitalization a 
psychotic patient is to be prosecuted as a misdemeanant. 

Such in general are the provisions made in the new 
act in the sections under consideration. A variety of 
lesser items have necessarily been omitted in an attempt 
to envisage a part of what may be accomplished by 
this new act for the welfare of a large group of Illinois 
citizens. 

It is a good act—a thoroughly well intentioned one, 
although perhaps too carefully instrumented in various 
ways. In these days of brutish dealing with the sane, 
a document aimed to protect the insane should be re- 
garded with reverence—as evidence that our culture 
slowly spirals upward. 


BOSTON SOCIETY OF PSYCHIATRY 
AND NEUROLOGY 


Wittram G. Lennox, M.D., Presiding 
Regular Meeting, Nov. 18, 1943 


The Neuropsychiatrist in Court. 
Kozov. 


Dr. Harry L. 


One might reasonably expect a maximum of harmony 
between medicine and the law, two of the great instru- 
mentalities of social welfare. In actual practice such 
is not the case. There are numerous differences and 
misunderstandings. Often there is mutual distrust. The 
most frequent contact between physicians and lawyers 
comes when the physician appears as a witness in court. 
A relationship which is theoretically supposed to help 
the court dispense justice often fails to attain its objec- 
tive. This brief analysis of the causes of disharmony 
is offered in the hope that it may help alleviate some 
of the difficulties. While these comments apply par- 
ticularly to the participation of the neuropsychiatrist in 
medicolegal procedures, they are equally applicable to 
other medical specialists. 

Many physicians are extremely reluctant to appear 
as an expert witness in court. There are several 
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reasons. Undoubtedly the strongest is the personal dis- 
comfort which is so often associated with the giving of 
expert testimony. The physician is frequently, if not 
usually, badgered and abused. On the whole the judges 
on the bench do little to protect a witness from vilifica- 
tion and abuse at the hands of a cross examining 
lawyer. Undoubtedly such treatment is richly deserved 
by some physicians. But on the whole physicians en- 
deavor to be honest and do not merit mistreatment. 
lf the bar as a whole thinks that physician witnesses 
in general are corrupt or incompetent, it is high time 
that something radical be done about it—certainly more 
than badgering them. 

The other reasons for the reluctance of physicians to 
come into court are perhaps less important. First, 
court work interferes with routine medical duties. Then, 
compensation usually depends on the legal outcome of 
the case. This tends to put the physician, wittingly or 
unwittingly, in the role of an interested party, a situation 
which is essentially distasteful. Most of the cases in 
which neurophychiatrists testify in court are tort cases, 
that is, cases in which it is claimed that a private or 
personal injury has been caused by ‘he wilfulness or 
negligence of another, and for which compensation is 
sought in the form of damages. These are the so-called 
accident cases. When a physician appears in court in 
a tort case, he knows that his testimony is to assist a 
plaintiff to gain money or a defendant to save money. 
Many a physician feels that he is a mere accessory to a 
financial transaction rather than a cog in the wheels of 
justice. 

In the opinion of many lawyers and judges, the phy- 
sicians themselves are to blame for some of the diffi- 
culties that beset them. The chief criticism by lawyers 
and judges has to do with the gross contradictions in 
expert testimony. Lack of unanimity and differences of 
opinion are common in all fields oi medicine. In such 
instances the opinions are often coupled with reserva- 
tions and conditions; they are usually tentative. In 
court, however, one all too often hears positive and 
unequivocally contradictory opinions. The court in 
most cases does not look beyond the immediate facts to 
ascertain the reasons for such contradictions. The im- 
mediate reaction is that expert opinion is to be taken 
with a grain of salt. Many judges assert that an expert 
can always be found to contradict another expert. This 
is the essence of a serious indictment against members 
otf the medical profession. 

Undoubtedly the medical profession must bear much 
of the responsibility. Undoubtedly there are dishonest 
physicians seeking only to be on the winning side. 
However, the legal system as such must share the 
blame. The classic legal means of presentation of evi- 
dence by the question and answer method may be too 
great a limitation and defeat its own end. Should not 
more leeway be given in the presentation of medical 
data and opinion? Again, the prevalent system prevents 
a physician in most instances from learning all the avail- 
able facts about a case before he enters the courtroom. 
He can learn only what the attorney for his side knows, 
and he may not even be told all that. Rarely will 
lawyers pool their information for the benefit of truth 
and justice. It is said that they are advocates, inter- 
ested only in winning and restricted in their tactics 
only by certain rules. They would like to know about 
the other side’s case but would hardly dare reveal 
their own. Thus, a physician is often precluded from 
having available enough information to make an accu- 
rate judgment. He may suddenly be confronted with 
new facts presented by the opposition—usually in cross 
examination—which throw a great responsibility on 
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him for quick reevaluation of his views. In such a 
circumstance no physician should hesitate to revise his 
opinions. Many physicians err in attempting to support 
their previously stated views. This makes them appear 
as partisans rather than as dignified members of a 
profession. 

Many physicians make the serious mistake of trying 
to make sure that justice is done. On the grounds of 
their own limited knowledge of the case they try to be 
lawyer, judge and jury. This is often the basis for a 
distorted appraisal of the medical facts. Yet they would 
be the first to resent legal interference in their conduct 
ot a medical case. Physicians often lose sight of the 
fact that their participation in a medicolegal problem 
should be strictly limited to items within the realm of 
their special competence. Thus, many physicians are 
intolerant of the “last straw” concept of legal liability, 
in the eyes of the law only one straw breaks the camel’s 
back, the last one. No attention is given to the pre- 
existing load. This may be disturbing to the physician, 
who often considers predisposition. The logic of the 
“last straw’ concept is obvious; it exerts a deterrent 
effect on all wilful or negligent behavior directed against 
the welfare of another. Yet a physician may be so con- 
scious of a pretraumatic liability as to be unwilling to 
give weight to a relatively slight final factor. Emotion- 
ally rejecting the established “last straw” concept, he 
may deny that the final factor was the adequate cause 
ot the patient’s illness. If physicians do not like a 
concept, they should present these views as a body to 
the legal profession, rather than try to wage solitary 
battles. 

The alleviation of these, and numerous other, diffi- 
culties will require the. active cooperation of the mem- 
bers of both professions. A wise first step would be 
discussions between committees representing each pro- 
fession. Physicians would welcome an extension of the 
use of impartial medical witnesses in civil cases. Thus 
tar, such a provision is limited to workmen’s compensa- 
tion cases and criminal matters. While the federal laws 
ot procedure permit the calling of an impartial witness 
by the court in actual practice, this privilege has hardly 
ever been invoked. A few state courts have, either by 
statute or by interpretation of the common law, called 
impartial witnesses. Thus far, only one jurisdiction 
(lexas) has rejected it aiter its invocation by a trial 
court. Physicians would probably like to see some 
apportionment of damages related to the degree of 
medical predisposition. This would ease their emotional 
tension about assertions with regard to “cause.” The 
medical profession should put its own house in order. 
It would be advisable for a qualified committee of a 
medical society to maintain a continuous and coopera- 
tive relationship with the courts. Such a committee 
should be charged with responsibility for the endorse- 
ment of a list of specialists. A place on this list should 
be required for a court appearance as an expert witness. 
When the testimony of such a physician is questioned 
by a court, the parent committee should be charged 
with responsibility for a review of the facts and for 
appropriate action. In general, members of the medical 
profession would profit from knowing more about the 
philosophy of the common law. <A good time to start 
such education would be in medical school. 


Divergent Outlooks of the Medical and the Legal 
Profession. HoNnorABLE ABRAHAM E, PINANSKI 
(by invitation). 

There can be no controversy about the fact that much 
misunderstanding exists between physicians and lawyers. 

The judge on the bench is particularly aware of this. 
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The present rules of evidence and legal methods of 
reaching decisions are the result of centuries of evolu- 
tion. While they may be far from perfect, they function 
fairly satisfactorily. The system provides for a judg- 
ment by a jury of twelve average citizens. Picture the 
difficulties besetting such a group of men when they 
are besieged by contradictory medical testimony, often 
couched in technical language. Even a judge with 
many years of experience with medicolegal matters 
may be unable to reach a personal decision as to the 
correct medical facts. The gross contradictions in 
medical testimony make a poor impression on judges, 
lawyers and the laymen on the jury. Some differences 
of medical opinion are understandable. But it is ex- 
tremely difficult for any layman to understand how 
two physicians can disagree about a line on a roentgeno- 
gram of a bone, one asserting flatly that it is a fracture, 
the other insisting that it is not. 

The bar would welcome an improvement in medico- 
legal relations, particularly as applied to expert testi- 
mony in court. There is a strong feeling on the part 
of the bar that medicine has not done as well in putting 
its house in order as the bar has. One reads of dis- 
barments for misconduct, but one rarely hears of similar 
action by a medical society. If medical societies knew 
of the behavior of some of their representatives in 
court, it is inconceivable that they would not take dis- 
ciplinary action. The behavior of many physicians in 
court has contributed in large measure to the disrespect 
for expert opinion. 

DISCUSSION ON PAPERS BY DR. KOZOL 
JUDGE PINANSKI 

Dr. WILLIAM HEALY: Years ago, in Germany, I was 
impressed by the fact that a judge could demand the 
presence of an expert of any sort on a per diem basis, 
and it was a satisfactory arrangement. In Germany 
the courts are really interesting, and this is partly due 
to the peculiar nature of the education of judges. They 
are required to go to certain lectures on scientific sub- 
jects, in addition to their regular legal training. The 
criminal judge could bring in a “friend of the court” to 
testify. Now, is not that possible in this country? 

HonoraBLE ABRAHAM E, PINANSKI: In Massachu- 
setts on the criminal side the experts are not designated 
by the court. If an examination is indicated by the 
Briggs law, the department of mental diseases has the 
examination made by their experts, and the report is 
turned over to the court. There is no machinery at 
present by which a judge can call in an expert on his 
own initiative. 

Dr. Kozol has suggested having a board of experts 
appointed by the medical society to cooperate with the 
courts. That is a fine idea. 


AND 


PHILADELPHIA NEUROLOGICAL 
SOCIETY 


Grorce D. GAMMoNn, M.D., Presiding 


Regular Meeting, Nov. 26, 1943 


Successful Removal of a Large Intramedullary 
Tumor of the Spinal Cord. Dr. Francis C. 
GRANT. 


History —G. W. H., a white male student aged 18, 
was admitted to the graduate Hospital of the University 
His chief complaints 


of Pennsylvania on Dec. 5, 1942. 


were loss of power in the left leg and numbness of the 
left side of the body, with loss of sphincter control. 
Three years before his admission, during the course of 
two or three days, a pain gradually developed between 
the scapulas, which was accentuated by motion of the 
head. The pain was constant and aching and prevented 
him from sleeping. He could get relief only by sitting 
up in a straight, rigid chair. The pain finally radiated 
around to the chest, as well as persisting in his back. 
There was considerable stiffness of the neck at this 
time. The pain was relieved only by direct application 
of heat to the back. An abscess developed over the left 
side of the thoracic cage, at about the level of the 
eighth rib; evacuation of the abscess was followed by 
more or less spontaneous disappearance of the pain, at 
the end of two weeks. During the following year the 
patient had a less severe attack, although at this time 
the stiffness and pain were in the chest, rather than in 
the back. This attack lasted about a week. He was 
then entirely well until the onset of the present symp- 
toms, five days prior to admission. At that time he 
was recovering from influenza. This coincidence was, 
to him, significant because in his previous attacks cold 
had always seemed to precipitate a bout of pain. Two 
days before his admission, he tried to get out of bed 
in the morning but fell to the floor because of weakness 
in his left leg. He stated the belief that most of the 
weakness at that time was in the knee, but he noticed 
that the left side was numb from the level of the last 
rib down to the toes. He remained in bed, and during 
that day he had pain in the bladder and was unable 
to void. The disturbance of the sphincters persisted 
until his admission. Briefly, then, his history was that 
of weakness in the left leg of sudden onset and of about 
five days’ duration, together with loss of sphincter 
control of roughly four days’ duration. 


Neurologic Examination.—He was mentally clear, in- 
telligent and oriented. The cranial nerves were normal. 
The reflexes in the arms were present and equal on the 
two sides and were somewhat hyperactive. There was 
an area of complete anesthesia to all forms of sensation 
from about the second to the tenth dorsal segment on 
each side. Over the abdomen, roughly, in the dis- 
tribution of the tenth to the twelfth dorsal nerves, there 
was a band in which all forms of sensation were pre- 
served. There were complete sensory loss below the 
twelfth dorsal segment on the right side and hyper- 
esthesia and hyperalgesia on the left side from the 
pelvic brim to the toes. No motor loss was apparent in 
the arms. The left leg was completely paralyzed. The 
patient could move the right leg well. In the left leg 
the reflexes were hyperactive with a positive Babinski 
sign and ankle clonus. In the right leg the reflexes were 
hyperactive with a questionable Babinski sign and no 
clonus. Vibratory sense and sense of position were 
impaired on the right side and were normal on the left 
side. 

Laboratory Studies—Examinations of the blood and 
urine and serologic tests of the blood and spinal fluid 
revealed nothing significant. The Queckenstedt test 
showed complete block on lumbar puncture. Iodized 
poppyseed oil, introduced into the cistern, revealed a 
complete block at the level of the second dorsal segment. 


Operation—With the use of anesthesia induced with 
solution of tribromoethanol, supplemented with procaine, 
laminectomy, involving the first, second, third and 
fourth vertebrae, was carried out, with rather more than 
the usual amount of bleeding. It was obvious that the 
cord was tightly jammed in the dura in the region ex- 
posed. There was notable lack of epidural fat. The 
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dura was opened and sutured back to the muscles. The 
cord was thick and pale, but not cystic. I made an 
incision at about the central fissure of the cord and, 
at a depth of 1 mm., encountered a tumor, which was 
pale, purplish gray and encapsulated. The incision in 
the cord was carried anteriorly and posteriorly for 
about 4 cm., with an increasingly better view of the 
tumor, which completely filled the central canal of the 
cord. The mass seemed to be encapsulated, and the 
cord could be brushed away from it. I was uncertain 
as to whether I should attempt to remove the tumor or 
should be satisfied with simple exposure. I decided, 
however, to remove the tumor for the following reasons : 
The tumor seemed to be encapsulated; the patient 
was partially paralyzed, and the tumor, if left in place, 
would eventually cause complete paralysis, and, in my 
opinion, the growth would not prove sensitive to 
irradiation. 

The tumor was grasped with the forceps and the 
tissue of the cord brushed away from it carefully and 
slowly. The growth could be lifted readily out of its 
bed in the cord, and the lower end could be slowly 
drawn out. This lower portion must have extended 
posteriorly at least four segments and looked much like 
a fat worm. The bulk of the growth lay about at the 
level of the fourth dorsal segment, but the tumor ex- 
tended anteriorly, and, after more careful dissection, I 
was able finally to remove most of the mass. The 
upper pole broke off but, after a little careful dissection, 
I was able to seize this portion and draw it out of the 
central canal. On completion of the operative pro- 
cedure, the cord looked like the skin of a banana from 
which the fruit had been removed. The tumor was 
well encapsulated, although the capsule was broken in 
its removal. It must have been at least 10 to 12 cm. 
long and possibly 2 to 2.5 cm. in each diameter in its 
thickest part. 

In view of the large amount of damage which may 
have been done to the cord, I question my judgment 
in attempting removal of the tumor. However, it is 
certain that, no matter what I did, the tumor would 
have continued to grow and that eventually paralysis 
would have been the result. As it now stands, the 
tumor has been completely removed and the recovery 
which occurs will be permanent. 


Pathologic Examination and Course ——The tumor was 
a fibrillary astrocytoma. The postoperative course was 
satisfactory. Within a week the patient had regained 
control of the sphincters, and on discharge from the 
hospital, at the end of three weeks, he was able to be 
up and about. At that time he had complete return of 
function of the right leg, with considerable improve- 
ment in the paralysis of the left leg. Examination from 
time to time since his operation has shown notable and 
steady improvement in the functions of his lower 
extremities. 

In view of the size and position of the tumor, it is 
remarkable that the cord should have recovered its 
function to such an extent. It will be remembered 
that the cord was entirely split in a posteroanterior 
direction. I was afraid, when I saw the damage which 
had been done to the cord, that little or no function 
would return. It is, of course, extremely gratifying 
that the result has been so successful. The tumor has 
been completely removed, and no recurrence is to be 
anticipated. The case is reported because of the size 
of the tumor and the necessarily large amount of damage 
which may have been done to the cord during its 
removal. It illustrates well what can be done with an 
intramedullary tumor of the cord provided that the 
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dissection is slowly and carefully made, with due con. 
sideration to the delicate fiber tracts lying in the cord, 


DISCUSSION 


Dr. A. M. OrNsTEEN: This case is astonishing, 
After hearing how the cord was split from “stem to 
stern,” I wonder how the patient can stand and walk. 
I should not expect him ever to get out of bed. The 
case shows the change in attitude toward intervention 
in cases of intramedullary tumor of the spinal cord, 
In previous decades a diagnosis of such a tumor usually 
meant that no operation other than decompression was 
attempted. Dr. Grant’s comment that the case shows 
how much can be done if due care and consideration are 
given to the delicate fiber tracts is paradoxic, since the 
massive and extensive tumor had virtually destroyed 
these tracts. Nevertheless, the result bespeaks good 
surgical technic and should give one a better attitude 
toward the treatment of intramedullary tumors in that 
every patient with such a lesion should have the benefit 
of an exploration. 

Dr. JosepH C. YasKin: The day before he lost the 
power of his legs the patient was playing football, 
When he attempted to get out of bed the next morning, 
he discovered that he had a full bladder and no power 
in his legs. It may well be that this paralysis was the 
result of a sudden circulatory disturbance, with swelling 
ot the tumor and compression of the adjoining struc- 
tures, an effect which often takes place with straining 
at stool or with heavy lifting in a person who already 
has some compression of the spinal cord. 

Dr. Micuaet Scorr: Did Dr. Grant find any gross 
hemorrhage in the center of the tumor on section? | 
ask this because of the sudden onset of symptoms; 
I wonder whether this sudden onset could have been 
due to a hemorrhage within the tumor itself. 

Although it appears that Dr. Grant has completely 
removed the tumor, I should like to ask whether he 
believes that high voltage roentgen therapy is indicated 
after the operation. The tumor is a glioma, and there 
is still controversy as to the value of such therapy for 
tumors of the astrocytoma group. 

Dr. Francts C. Grant: High voltage roentgen 
therapy was not employed in this case. It is not effec- 
tive in retarding the growth of an astrocytoma. The 
chance of recurrence is slight in this case, for, although 
the capsule was broken during removal, no tumor tissue 
was left behind. 

Curiously, once the body of the tumor was lifted out, 
the two extensions at either end could be teased out of 
the central canal of the cord, as a finger is removed 
from a glove. 

According to my experience, removal of an intramedul- 
lary tumor should always be attempted. This procedure 
involves splitting the cord longitudinally along the pos- 
terior midline. Certain tumors, like this one, are much 
more encapsulated than others. A review of 11 cases 
of such a tumor treated in this way in the last four 
years shows that in none have the neurologic symptoms 
been made worse. In 7 cases definite improvement re- 
sulted. In the case reported here the result was the 
most satisfactory; incidentally, the tumor was by far 
the largest my associates and I have ever encountered. 


Paroxysmal Abdominal Pain: A Form of Focal 
Symptomatic Epilepsy. Dr. MatrHew Moore. 


A man aged 32 had had isolated attacks of parox- 
ysmal abdominal pain at irregular intervals for twenty- 
nine years. Extensive studies had failed to reveal 
organic disease of the abdominal viscera, and medication 
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had afforded no relief prior to the use of anticonvulsant 
drugs. The electroencephalogram showed abnormal 
waves, particularly in tracings from the right and left 
frontal lobes. 

The periodic attacks consisted of cramplike pain, in- 
yolving the entire abdomen and lasting from several 
minutes to two hours. Occasionally the abdomen ached 
and was painful for two days. The patient had never 
experienced premonitory symptoms, headache, visual 
disturbances or any manifestations other than the ab- 
dominal pain. The first attack occurred at the age of 
9 months. Shortly before this he had had diphtheria 
and had received antitoxin. For several months prior 
to examination the attacks had occurred every seven or 
eight days, and he had four seizures during the week 
preceding examination. The longest interval in which 
he was free from attacks was fourteen months. Urti- 
caria developed after he ate certain foods. After ad- 
ministration of tetanus antitoxin, at the age of 16, there 
immediately developed a bout of abdominal pain, and 
he had severe urticaria and high fever. The patient 
had been studied intensively at numerous clinics, where 
many diagnoses had been made, including abdominal 
migraine. He received various forms of medication, 
including ergotamine tartrate, without relief. 

Neurologic examination revealed nothing abnormal. 
Complete laboratory studies showed essentially a normal 
condition except for cutaneous sensitivity to many 
allergens. Electroencephalographic studies revealed ab- 
normal electrical potentials in the frontal and parietal 
lobes. Medication with diphenylhydantoin and bromides 
produced cessation of the attacks for seven and a half 
months, at which time the medication was withdrawn, 
and a seizure resulted within twenty-eight days. Medi- 
cation was resumed, and he remained free from attacks 
for seven and a half months, at which time lactose was 
substituted for the diphenylhydantoin in similar capsules, 
without the patient’s knowledge, and the bromide mix- 
ture was discontinued. A seizure occurred fifteen days 
after the substitution. Since resumption of medication 
with diphenylhydantoin, the patient has remained free 
from attacks for over fifteen months and has gained 
23% pounds (12.5 Kg.). 

This paper was published in full in The Journal of the 
American Medical Association (124:561 [Feb. 26] 1944). 


DISCUSSION 


Dr. GasrreL A. ScHWARz: I had the opportunity of 
examining this patient in the neurologic clinic of the 
University of Pennsylvania Hospital. By the time he 
had reached this clinic, many diagnoses of his condition 
had been made. He continued to have abdominal pain, 
despite the many forms of treatment he had received. 
Neurologic examination revealed nothing of significance 
at this time. He had received treatment with many 
drugs, without benefit; on the basis of this fact and the 
history of periodic abdominal pain, I felt that a diag- 
nosis of abdominal migraine was justified. At least, 
I thought that the specific drug for migraine should be 
tried in his case. This was done by his family physi- 
cian, but I heard nothing more about the case until a 
year later, when the patient returned to the clinic to 
tell me that he had been relieved of his abdominal 
distress. 

I was interested in his recovery, for I thought that 
I had at last seen a case of abdominal migraine; the 
patient, however, hastened to inform me that the ergo- 
tamine had not helped him but that Dr. Moore had 
cured him by the use of diphenylhydantoin sodium. | 
later got in touch with Dr. Moore, who told me the 
whole story, as he has presented it tonight. It is en- 
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tirely due to Dr. Moore’s clinical judgment and vision 
that this man was freed of his severe attacks. 

Now, whether or not this condition was truly an 
expression of abnormal activity of the cerebral cortex 
must remain questionable. The whole problem, as pre- 
sented by Dr. Moore, carries with it a challenge. Cer- 
tainly, the relation of migraine and the convulsive state 
has long been recognized. Pain as a phenomenon of 
epilepsy is rare. It has been recorded as a part of the 
epileptic warning, but as an isolated phenomenon of the 
convulsive state, I believe it has not previously been 
recorded. Abdominal pain itself has been noted at 
times in association with true migraine. All these 
things together suggest that abdominal pain of a periodic 
nature might occur as a manifestation of the convulsive 
state. This idea is not necessarily new. It was sug- 
gested long ago by Kinnier Wilson. 

Has Dr. Moore any explanation of the exact mecha- 
nism by which the abdominal pain is produced? Is 
this pain of central origin produced in the thalamus, or 
perhaps lower in the brain stem? Or does he think 
that it arises peripherally? I presume, then, it may be 
assumed that the cerebral cortex affects the abdominal 
viscera, with resulting changes in the vascular or mus- 
cular portions and constant peripheral pain. 

Dr. A. M. Ornsteen: I should like to raise a point 
in regard to the diagnosis of epilepsy in this case. The 
epileptic attack is a matter of brief duration; I cannot 
envisage an attack, as such, lasting several hours to 
two days, as described in this case. Epileptic auto- 
matism is another matter, and Dr. Moore’s case is not 
of that order. Neither can I believe that disordered 
cerebral potentials would discharge into the soma in 
the form of the prolonged attacks of pain described here 
as an epileptic disturbance, the abnormal electro- 
encephalogram notwithstanding. I see an analogy be- 
tween this case and Wortis’ case of chronic recurrent 
fever which was cured by psychoanalysis. Therefore, 
I wonder how great a part psychotherapy played. Dr. 
Moore’s thoughtfulness and imagination are not being 
criticized; I object merely to the disregard of years of 


clinical experience in favor of the electroencephalogram 
in this case. 


Dr. Micuaet Scorr: Did Dr. Moore note any con- 
siderable slowing of the pulse rate in his case? Could 
the pain in the abdomen be due to stimulation of the 
vagus nerve? 

A few years ago I saw a girl 5 years old who had 
had acute attacks of pain about the umbilicus. Thorough 
pediatric and gastrointestinal studies revealed nothing 
significant. Ventriculographic examination showed in- 
ternal hydrocephalus, with a block in the area of the 
fourth ventricle. Operation revealed a tumor invading 
the floor of the fourth ventricle. It was my impression 
then that the pain in the abdomen was caused by irri- 
tation of the vagus nerve. No specimen was taken for 
biopsy. The patient died at home six months later, 
and permission for autopsy was refused. 

Dr. BenyJAMIN P. Wetss: In view of the fact that 
the anticonvulsant drugs are motor depressants, and 
the case described here involved a sensory disorder, 
will Dr. Moore explain the therapeutic action of 
diphenylhydantoin sodium? How could abdominal pain 
be controlled by such a drug? 


Dr. Puiip Q. Rocue: The statement has been made 
that the present case illustrates the relation of parox- 
ysmal abdominal pain and the cortical disturbance 
(frontal lobe), which is referred to sensitization of 
the cortex by diphtheria antitoxin. Can Dr. Moore 
supply further references or figures in support of the 
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view that early sensitization to antitoxin is responsible 
for the later clinical symptoms or for the electro- 
encephalographic changes, in keeping with the epileptic 
syndrome he has so aptly described? 

Dr. Jos—epH F. HuGues: Dr. Moore's patient showed, 
on the one hand, abnormal electrical rhythms in the 
electroencephalogram, and, on the other, relief from 
symptoms with the clinical use of diphenylhydantoin. 
These two facts indicate that the symptoms may have 
been a form of “abdominal epilepsy,” as he suggests. 


Dr. MatrHew Moore: I wish to thank the dis- 
cussers for their comments and the expressions of their 
various points of view. I had anticipated being 
accused of indulging a vivid imagination, but without 
the exercise of that imagination the diagnosis and 
resultant relief in this case could not have been achieved. 

In reply to Dr. Schwarz, the electroencephalograhic 
pattern probably holds the clue to the correlation of the 
abnormal cortical discharges and the abdominal pain. 
The abnormal discharges were found not only in the 
frontal but in the parietal area. As I stated, Spiegel 
and Fulton and their co-workers produced intestinal 
activity by stimulation of both the frontal and the 
parietal lobe (areas 3, 5 and 6), whereas Penfield 
showed that intestinal activity does not have any specific 
focal cortical representation. I am at a loss to say 
whether the pain is actually due to cortical or to thala- 
moparietal mediation. In my opinion, the pain in this 
case is essentially intrinsic in the intestine, secondary 
to the intense visceral contractions brought about by 
the abnormal cerebral discharges in the frontal and/or 
the parietal cortex. 

I take variance with Dr. Ornsteen with regard to the 
duration of epileptic fits. Motor fits which are un- 
treated often last two hours or longer. Jackson, in his 
Lumleian Lectures of 1890, indicated the relation of 
epileptic variants to grand mal and stated that the 
attacks of long duration, such as the psychic equivalents 
of epilepsy, represented a true epileptic discharge. Epi- 
leptic fugues and automatisms may indeed last for days 
or weeks. This patient's pain endured about two hours, 
and at times the effects or “soreness” lasted two days. 
The element of suggestion, I believe, was eliminated as 
a therapeutic factor by the substitution for the two 
drugs. 

In reply to Dr. Scott, the pulse rate was slow during 
an attack, but I do not think that the attacks in this 
case bore any resemblance to the so-called vasovagal 
attacks of Gowers. 

It is true, as Dr. Weiss has indicated, diphenylhy- 
dantoin sodium acts centrally as an anticonvulsant. I 
did not mean to imply that the pain was of the nature 
of a cortical sensory disorder. In this case the diphenyl- 
hydantoin sodium probably acted centrally by depressing 
the neuronal activity, thus eliminating the excessive 
motor discharge in the cortical representation of the 
intestinal tract, and by the prevention of intense peris- 
talsis obviated the resulting intrinsic pain. 

“ The patient himself was not clear as to whether he 
had received diphtheria antitoxin, but his mother stated 
that he had, and that his first attack came on shortly 
thereafter. The question of the sensitization of the 
brain to serum has already been referred to in the paper, 
and considerable work has been done in this field by 
Garcin and Bertrand (Bull. et mém. Soc. méd. d. hép. 
de Paris 51:787 [May 13] 1935), Dechaume and Croizat 
(Compt. rend. Soc. de biol. 101:1145 [Aug. 13] 1929) 
and many others. These investigators showed experi- 
mentally that in certain animals anaphylactic reactions 
developed, whereas in others they did not, and that 
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when lesions did develop they involved either the cere. 
brum or the peripheral nerves. It is not unlikely that 
an area of the brain which has been subjected to 
pathologic changes, such as those described by these 
workers, may be the seat of abnormal electrical poten. 
tials which produce an epileptic discharge. 

I am sure that Dr. Hughes will recall that this 
patient appeared before the induction board for exam- 
ination and the neuropsychiatrist requested that an 
electroencephalogram be made. The day prior to his 
appearance he had discontinued his medication, and the 
electroencephalogram, as made by Dr. Hughes, revealed 
abnormal electrical potentials in the frontal lobes, on 
the basis of which Dr. Hughes stated that the tracings 
were abnormal. When the patient was placed under 
medication with diphenylhydantoin sodium, however, 
these abnormal waves were suppressed. 


Cerebral Aneurysm: Report of an Unusual Case. 
Dr. Henry T. Wycris. 


The history of the treatment of cerebral aneurysm 
was briefly reviewed, particularly with reference to the 
advantages and disadvantages of ligation of the carotid 
artery. The operation, introduced by Dandy, in which 
the internal carotid artery is clipped intracranially, was 
also discussed. 

A case was presented in which the internal carotid 
artery was clipped in the skull for control of a leaking 
aneurysm. 

REPORT OF CASE 


A thin, frail woman aged 25, who was in her sixth 
month of pregnancy, was admitted because of sudden 
violent headaches, vomiting and nuchal rigidity. The 
presence of blood in the spinal fluid confirmed the diag- 
nosis of spontaneous subarachnoid hemorrhage. There 
were no localizing signs until the sixth day, when 
bleeding recurred, as revealed by spinal puncture. 
Paralysis of the third nerve on the right side was 
followed by paralysis of the entire left side—the Weber 
syndrome, or alternating oculomotor hemiplegia—with 
rapid loss of consciousness. A bruit could be heard 
only over the left eyeball and could be obliterated by 
pressure over the left common carotid artery, but not 
by pressure over the right one. There was a slight, 
but definite, shift of the pineal body to the right. 

A transfrontal craniotomy was performed on the left 
side, and a silver clip was placed on the internal carotid 
artery within the skull. This obliterated the bruit and 
temporarily, at least, controlled the leakage. The 
aneurysm probably arose from the posterior communi- 
cating artery on the left side, with bleeding toward the 
right. The hemorrhage on the right side was con- 
sidered responsible for the neurologic signs. After the 
operation there was a return of power on the left side, 
but the right side became hemiplegic despite preopera- 
tive preliminary compression of the common carotid 
artery for fifteen minutes. On the second postoperative 
day the patient spontaneously delivered a premature, 
living baby. There was more than moderate loss of 
blood, followed by loss of power on the left side. The 
picture was one of typical decortication, as seen in 
Fulton’s monkeys. The patient died on the following 
day. Unfortunately, permission for autopsy could not 
be obtained. 

DISCUSSION 


Dr. W. Wayne Bascock: Dr. Wycis asked me to 
see this patient, who presented an unusual condition— 
a leaking aneurysm, with symptoms of short duration 
of the lesion. A leaking aneurysm, particularly in an 
inaccessible field, presents a dangerous problem, and 
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one that rarely has been solved successfully by a sur- 
gical procedure. To me, the remarkable feature of this 
case was the skill and ease with which Dr. Wycis was 
able to apply a silver clip to the carotid artery within 
the skull. I had anticipated a much more difficult pro- 
cedure. Dr. Wycis mentioned another procedure that 
we had discussed, but as the operation had been per- 
formed in only 1 case, and not on a leaking aneurysm, 
I could not urge its trial in the present serious emer- 
gency. As the procedures now used for intracranial 
aneurysm not infrequently fail to relieve the condition, 
I should like to discuss the substitute operation we 
considered. (Slides.) The ligation treatment of aneu- 
rysm, in use for hundreds of years, has manifest dis- 
advantages. It immediately increases the pressure on 
the wall of the artery, both proximal and distal to the 
ligature, so that the aneurysm, after temporary im- 
provement, often enlarges and ruptures, or new aneu- 
rysms form on either side of the ligature. When the 
common carotid artery has been ligated for an intra- 
cranial aneurysm, after a period in which there may or 
may not have been improvement, a considerable pro- 
portion of the patients have had a return of symptoms, 
with death. The complications following ligation for 
aneurysm particularly puzzled the late Dr. Halsted, 
who tried ligatures, and then metallic bands, on arteries, 
but apparently did not understand why the aneurysmal 
sac enlarged and finally ruptured (slide). 

One of Dr. Halsted’s striking experiences is shown 
on the screen, an aneurysm of the common carotid 
artery, for which he ligated the common carotid artery 
proximal to the aneurysm. After temporary improve- 
ment, which often occurs, the sac began to enlarge. 
Then he tied the external and the internal carotid artery, 
the superior thyroid, the external maxillary and the 
lingual and temporal arteries—every important branch 
of the carotid artery. Again, the aneurysm became 
smaller, but, in accordance with the law of hydrody- 
namics that the slower the current the greater the 
pressure on the wall, the sac then enlarged, with fatal 
rupture. 

About four years ago the man whose picture is 
shown on the screen entered Temple University Hos- 
pital. He was 40 years of age and had pronounced 
proptosis of his left eye, with a distressing loud bruit, 
heard over the skull. Without apparent cause, sudden, 
severe throbbing pain had developed over the left eye 
at night, when he lay in bed. At the end of a week 
the pain ceased, but a loud buzzing sound, like that of 
escaping steam, developed, following by progressive 
bulging of the left eye and diplopia, with narrowing 
of the visual field. On compression of the left carotid 
artery, the subjective noise was suppressed, but the 
bruit was still audible. It occurred to me that if one 
could reverse the current in the affected internal carotid 
artery, so that the arterial blood would have the pres- 
sure of the venous blood in the skull, the disturbance 
due to the pouring of the arterial blood, with its high 
pressure, into the cavernous sinus, with its low pressure 
of venous blood, would be overcome. The arterial blood 
would no longer pour with such pressure into the sinus, 
and the aneurysmal sac should collapse. It seemed a 
rather dangerous procedure, for a great deal of arterial 
blood would be diverted from the brain and the eye. 

Nevertheless, the man was in critical condition, and, 
with his permission, my colleagues and I divided the 
upper part of the common carotid artery and the in- 
ternal jugular vein and united the cerebral end of the 
artery with the cardiac end of the divided vein after 
we had tied off the external carotid and superior thyroid 


arteries. This produced the effect of an end to end 
union of the internal carotid artery and the internal 
jugular vein. As soon as the temporary constriction 
of the vessels was released, the loud roaring bruit could 
no longer be heard, even by the patient, and enoph- 
thalmos succeeded the exophthalmus (slide). 

Examination of the retina by Dr. Walter Lillie 
showed that the arterial blood was leaving the eye by 
the central artery, instead of entering the eye. The 
retina was blanched; the eye was blind. 

About two years after his operation the patient was 
reported to be working on a farm, completely relieved 
of the noises and pain in his head. Obviously, a larger 
experience is necessary before the dangers, as well as 
the advantages, of the operation can be determined. 

Dr. Micuaet Scott: There is little to add from a 
neurosurgical or a historical standpoint. Two interest- 
ing questions arise in this case, one of them being the 
correlation of the Weber syndrome with the presence of 
an intracranial bruit on the side opposite the main 
neurologic lesion. The only way in which I can explain 
how compression of the left carotid artery could stop 
the bruit in a lesion that was predominantly on the right 
side is by the assumption that there must have been 
an anomalous structure of the circle of Willis. Perhaps, 
in this case, the posterior cerebral artery crossed 
obliquely over to the right side and supplied the right 
cerebral hemisphere. If the aneurysmal sac was located 
on this anomalous posterior cerebral artery, I can under- 
stand how the Weber syndrome could be present on 
the right side and compression of the left carotid artery 
could stop the bruit. The only other possibility is that 
an aneurysm on the right side caused Weber’s syn- 
drome, and another aneurysm on the left side produced 
the bruit. 

The second aspect of this case is the neurosurgical 
approach; this brings up, as Dr. Wycis indicated, the 
question of intra-arterial injection of dyes for localiza- 
tion of the lesion. The patient was critically ill—she 
was pregnant and had had a severe subarachnoid hemor- 
rhage. No time was to be lost, and Dr. Wycis showed 
great courage in trying to do as much as he could in 
the shortest possible time. If more time had been avail- 
able and the patient had not been so ill, perhaps it 
would have been better to expose the carotid artery, 
inject the diodrast and then decide from the roentgeno- 
grams whether an intracranial attack was feasible. If 
not, the internal carotid artery could then have been 
ligated and the incision closed. 

Dr. ALEXANDER SILVERSTEIN: The important prob- 
lem in this case was the correct diagnosis of ruptured 
cerebral aneurysm when the patient was first admitted 
to the hospital. The sudden onset of severe headache, 
followed by stiffness of the muscles of the neck, sug- 
gested the diagnosis of spontaneous subarachnoid hem- 
orrhage. However, the clinical picture, associated with 
a bruit in the cranium, should have caused one to sus- 
pect a ruptured ‘aneurysm. If this diagnosis had been 
made, the repeated spinal punctures would not have 
been indicated. The patient’s condition was improving 
satisfactorily until the fifth or the sixth day, when 
another episode of subarachnoid hemorrhage occurred. 
It was then that palsy of the third nerve developed on 
the right side, and a diagnosis of aneurysm in the right 
interpeduncular space was made. 

Dr. Babcock was called in consultation primarily to 
carry out his operation for intracranial aneurysm. My 
part in this case was to make a final neurologic exam- 
ination, at the request of the attending physician. The 
significant observations consisted chiefly in signs of 
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meningeal irritation and palsy of the third nerve on 
the right side. A bruit was heard over the left mastoid 
region, the left frontal bone and the left eyeball. Com- 
pression of the left carotid artery in the neck obliterated 
this bruit. In view of this observation, it was felt that 
the aneurysm was on the left side; involvement of the 
third nerve on the right side was thought to be due 
to pressure from blood trapped in the interpeduncular 


region. With the localization of the lesion on the left 
side, an intracranial approach to the lesion was 
suggested. 


It was unfortunate that Dr. Babcock did not have an 
opportunity to try out his operation in this case. I recall 
witnessing the first operation for anastomosis of the 
carotid artery and the jugular vein which Dr. Babcock 
performed, in 1926, when I was his intern. In that case 
the patient had a large thoracic aneurysm and was 
thought to have but a short time to live; however, 
several years after the operation, the patient was re- 
ported to be in good condition. 

I differ somewhat with Dr. Wycis’ interpretation of 
the postoperative clinical picture. Almost immediately 
after the operation his patient presented the syndrome 
of decerebrate rigidity. At first there was an extensor 
posture of the upper, as well as of the lower, extremi- 
ties; later there occurred flexor contraction at the elbow 
and extension of the lower limbs. Attempts to elicit 
the Magnus-de Kleijn tonic neck reflexes were unsatis- 
factory because of the serious condition of the patient. 

I believe the clinical picture of decerebrate rigidity 
resembled closely that observed in experimental prep- 
arations in animals on section of the brain stem. As is 
known, in such preparations the generalized extensor 
posture present in the acute phase may change into the 
flexor attitude of the upper limbs and the extensor 
position of the lower limbs characteristic of chronic 
preparations. In the case Dr. Wycis reported the de- 
cerebrate picture, I believe, was due to pathologic 
changes within the brain stem itself. This would also 
explain the terminal elevation in temperature. 


Dr. Henry T. Wycis: I am extremely happy to have 
an internationally known surgeon discuss my paper. 
I do not feel that the series of spinal punctures did this 
patient any harm, for, as the fluid became clear, there 
were relief of headache and less rigidity of the neck. 
On the following day, after the spinal punctures had 
been discontinued, she had a recurrence of the hemor- 
rhage, for no apparent reason. 

One of the interesting features of this case is the 
progression of the neurologic symptoms as the hemor- 
rhage increased. At first there was slight drooping of 
the eyelid, followed in the evening by slight, but definite, 
dilation of the pupil and the next day by complete 
paralysis of the third nerve. On the next day there was 
paralysis of the arm and leg on the opposite side, re- 
vealing a clinical picture not unlike that of the Weber 
syndrome. 

I should like to collect a series of cases of cerebral 
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aneurysm in which the lesion could accurately be local- 
ized by angiography, so that a direct surgical attack 
might be attempted. 4 


Rhizomelic Spondylosis (Rheumatoid Arthritis of 
the Spine), with Compression of the Cord: 
Report of a Case. Dr. Herman D. Rupnicx, 


Until 1893 all cases of primary rigidity of the spine 
were classified as spondylitis deformans. In the follow- 
ing years von Bechterew, Marie and Striimpell described 
various entities differentiation of which took many years 
and many investigations. Von Bechterew’s spondylitis 
deformans is a slowly progressive disease, with pro- 
gressive stiffening of the spinal column, which begins 
in the thoracic region and extends downward. There 
are atrophy of the intervetebral disks and narrowing of 
the bodies of the vertebrae. Marie-Striimpell disease, 
or rhizomelic spondylosis, is more rapidly progressive, 
starting in the lower portion of the spine and extending 
upward. The roots of the limbs (the shoulder girdle) 
are involved by the same arthritic process. The inter- 
vertebral spaces are preserved. The vertebrae show 
generalized atrophy and demineralization but do not 
change in shape. The anterior, lateral and_ posterior 
spinal ligaments are ossified. 


REPORT OF CASE 


A man aged 58, a Pole, had had arthritic symptoms 
involving the lower portion of the spine for the pre- 
ceding six years. These pains and stiffening of the 
spine progressed toward the neck. In June 1943 he 
had complete rigidity of the head and neck, which was 
flexed on the trunk at an angle of 45 degrees. He had 
had girdle-like pains from the shoulders to the back. 
His breathing was of abdominal type, as a result of the 
flattening of the chest and the decreased expansion 
during inspiration. There was pronounced hyperes- 
thesia, especially to cold over the hands. The strength 
of the reflexes was increased, and the Babinski, Hoff- 
mann and Gonda signs, together with the ankle and the 
patellar clonus, were elicited. 

The results of laboratory studies were noncontribu- 
tory. Roentgenographic examination (which was made 
under difficulties, due to extreme angulation of the 
head and neck) showed a typical picture of rhizomelic 
spondylosis, together with dislocation of the seventh 
cervical vertebrae. Careful interrogation did not reveal 
any history explanatory of this dislocation. It was 
concluded that the extreme flexion of the neck and the 
arthritic involvement of the vertebrae were the factors 
responsible, and that the displacement was the cause of 
the compression of the cord. 

Only a few cases of compression of the cord due to 
rhizomelic spondylosis have been mentioned in the 
literature, and most ,classic descriptions do not include 
it as a possible etiologic factor. This case has been 
presented as a typical instance of rhizomelic spondylosis 
with a rare complication, compression of the cord. 
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